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PREFACE 


The  effort  described  in  this  report  was  performed  as  an  outgrowth  of  a 
concurrent  study  to  develop  concepts  for  a  Large  Blast/Thermal  Simulator 
(LB/TS)'.  Construction  of  the  large  simulator  has  been  proposed  for  testing 
the  survivability  of  full  scale  military  vehicles  and  other  equipment  under 
blast  and  thermal  effects  of  nuclear  weapons.  The  proposed  simulator,  if 
constructed,  will  be  the  largest  such  facility  in  the  world  in  terms  of 
physical  dimensions  and  energy  release  capacity. 

Performance  criteria  for  the  LB/TS  imply  a  need  for  innovative  real 
time  flow  control  mechanisms.  The  size  of  the  facility  and  the  requirement 
that  it  be  able  to  change  blast  overpressure  and  duration  independently  of 
one  another  make  the  use  of  conventional  shock  tube  techniques  expensive  to 
employ.  Conventional  techniques  using  diaphragms  to  initiate  the  flow  and 
changes  in  driver  volume  to  control  duration  can  be  used,  but  real  time 
flow  control  promise  a  more  flexible  and  efficient  facility  at  reduced 
cost.  However,  real  time  flow  control  in  a  blast  simulator  is  an  unproven 
concept.  Because  of  the  significant  cost  of  an  LB/TS  facility,  a  high 
degree  of  confidence  needs  to  be  obtained  in  real  time  flow  control  mech¬ 
anisms  before  they  are  used  in  its  final  design.  Research  into  real  time 
flow  control  mechanism  could  be  performed  at  the  BRL  2.44  meter  shock  tube 
at  Aberdeen  Proving  Ground,  Maryland,  if  certain  modifications  to  the 
facility  were  carried  out. 

Needed  modifications  to  the  BRL  facility  are  discussed  in  this  docu¬ 
ment  . 

The  study  was  conducted  under  funding  by  the  SCIENTIFIC  SERVICES 
PROGRAM  as  administered  by  Battelle  Research  Triangle  Park  Office,  Dr. 
George  G.  Outterson,  Program  Manager.  Technical  guidance  for  the  study  was 
provided  by  Mr.  Richard  J.  Pearson,  U.S.  Army  Ballistic  Research  Labora¬ 
tory. 
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SUMMARY 


1.  Feasibility,  Modification  of  the  BRL  Shock  Tube  Facility  on  Spesutie 
Island  for  use  as  a  Large  Scale  Test  Bed  for  LB/TS  Research  is  feasible. 


2.  Construction  Cost.  Facility  modifications  and  procurement  of  a  quick- 
valve  and  diaphragm  mount  will  cost  about  $1,136,500.00  according  to  the 
following  breakdown  of  costs: 


Driver  tube,  repairs,  heater: 
Quick-valve  and  supports: 
Diaphragm  mounts: 

High  pressure  nitrogen  system: 


$453,000.00 
$524,000.00 
$  37,500.00 
$122,000.00 


3.  Construction  Time.  Eight  to  ten  months  will  be  required  to  construct 
facility  modifications  and  to  procure  a  quick-valve  and  diaphragm  mount. 


4.  Nature  of  Modifications.  Recommended  modification  of  the  facility 
will  include  the  following  elements: 


a.  Reinforcement  of  the  existing  reaction  pier. 

b.  Modifications  to  the  existing  shock  tube  to  facilitate 
installation  of  the  new  driver. 

c.  Installation  of  a  new  three-foot  diameter  insulated  driver, 
80  feet  long,  and  its  anchorage  to  the  reaction  pier. 

d.  Upgrading  of  tracks  supporting  the  new  driver. 

e.  Erection  of  a  temporary  weather  cover  over  the  new  driver. 

f.  Installation  of  a  nitrogen  pressurization  system  for  the  new 
driver. 


vi 


g.  Installation  of  electric  strip  heaters  on  the  new  driver  and 
installation  of  an  exhaust  fan  for  its  cool-down. 

h.  Installation  of  a  liquid  cooling  system  for  the  diaphragm 
and  quick  valve. 

i.  Addition  of  a  panel  in  the  Control  Building  for  driver 
pressure/temperature  control. 

j.  Modifications  to  the  motor  control  center  to  accomodate  the 
nitrogen  system. 

k.  Removal  of  fixtures  used  in  previous  tests  from  the  expan¬ 
sion  section. 

l.  Removal  of  the  existing  diaphragm  change  platform  from  the 
reaction  pier  and  addition  of  a  materials  handling  system  in 
its  place. 

m.  Piping  and  wiring  systems  associated  with  modifications 
listed  above. 

5.  Condition  of  Existing  Tube.  The  thrust-resisting  capacity  of  the 
reaction  pier  has  diminished.  It  should  be  repaired  prior  to  future  use  of 
the  2.44  meter  driver,  regardless  of  whether  other  recommendations  in  this 
report  are  or  are  not  implemented. 

6.  Test  Plan.  A  plan  of  testing  to  be  performed  at  the  modified  facility 
should  be  developed  in  conjunction  with  its  engineering  design.  A  partial 
listing  of  test  plan  elements  was  identified  in  the  study,  as  follows: 

a.  Pressure  tests  of  the  new  driver  and  liquid  nitrogen  driver  gas 

supply  system. 
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b.  Shakedown  tests  using  heated  drivers  and  diaphragms.  Collection 
of  information  on  stress  history  in  the  new  driver  tube. 

c.  Test  to  determine  shock  rise  time  as  a  function  of  distance  down 
the  expansion  section  and  quick-valve  opening  time  using  heated 
driver  gas. 

d.  Shock  rise  time  experiments  using  a  system  containing  both  quick 

valves  and  diaphragms.  (Note:  necessary  only  if  quick-valve 

opening  rates  do  not  produce  short  enough  shock  rise  times.) 

e.  Test  of  the  ability  of  quick-valve  closure  to  control  blast  wave 
decay  rates. 

f.  Rarefaction  Wave  Eliminator  (RWE)  tests  at  the  downstream  end  of 
the  facility  using  blast  wave  shapes  produced  by  quick- valve 
closure. 
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SECTION  1 
INTRODUCTION 


1 . 1  AUTHORITY 

This  study  was  conducted  under  contract  with  Battelle  Columbus  Divi¬ 
sion,  Contract  No.  DAAL03-8 6-D-000 1 .  Technical  guidance  for  the  perfor¬ 
mance  of  the  study  was  provided  by  the  U.  S.  Army  Ballistic  Research  Lab¬ 
oratory  (BRL) ,  Aberdeen  Proving  Ground,  Maryland. 

1*2  GENERAL  DESCRIPTION 

This  report  presents  results  of  a  study  to  develop  a  Design  Concept 
for  a  Large  Scale  Test  Bed  for  Large  Blast/Thermal  Simulator  (LB/TS)  Re¬ 
search.  The  Design  Concept  was  based  upon  modification  of  the  existing  BRL 
2.44  meter  (8-foot  diameter)  shock  tube  facility  at  Aberdeen  Proving 
Ground,  Maryland.  Elements  of  the  study  were: 

a.  An  evaluation  of  the  existing  shock  tube  support  system  and 
existing  railbed,  particularly  with  respect  to  their  capability 
to  support  additional  loads. 

b.  An  evaluation  of  the  existing  driver  and  reaction  pier  to 
determine  their  ability  to  support  thrust  loads  of  a  new  driver 
proposed  for  installation  inside  the  existing  driver. 

c.  Development  of  a  design  concept  for  a  new  high  pressure 
heated  driver, 

d.  Development  of  a  concept  for  heating  the  new  driver  with  an 
external  electrical  heating  system. 

e.  Development  of  a  concept  for  a  cooled  converging  nozzle  and 
double-diaphragm  system. 
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f.  Development  of  a  method  for  transferring  thrust  from  the  new 
driver  into  the  existing  reaction  pier  and  a  determination  of 
additions  to  the  existing  support  system  needed  to  carry  the 
weight  of  the  new  driver. 

g.  Development  of  a  concept  for  pressurization  of  the  driver 
using  liquid  nitrogen. 

h.  Derivation  of  cost  estimates  and  schedules  for  test  bed. 


1 . 3  BACKGROUND 

The  U.  S.  Army  and  the  Defense  Nuclear  Agency  are  conducting  research 
into  the  design  and  operation  of  a  large-scale  nuclear  blast  and  thermal 
radiation  simulator.  Technological  gaps  have  been  identified  in  recent 
conceptual  studies  (Reference  1)  of  the  large  simulator,  and  these  gaps 
represent  constraints  upon  its  cost-effective  design.  No  facility  is  known 
to  exist  at  which  research  can  be  performed  to  bridge  technological  gaps. 
However,  the  BRL  2.44  meter  shock  tube  may  be  a  candidate  for  such  research 
if  it  is  altered  to  suit  test  bed  requirements.  This  study  deals  with  the 
nature  of  required  alterations  at  that  facility. 
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SECTION  2 

EVALUATION  OF  THE  BRL  2.44  METER  SHOCK  TUBE 


2.1  VISUAL  INSPECTION 

The  BRL  2.44  meter  tube  went  into  service  in  1967  but  has  been  used 
infrequently  during  the  past  two  years.  The  high  level  of  testing  con¬ 
ducted  earlier  and  a  20-year  exposure  to  the  elements  has  brought  about  a 
degree  of  deterioration  of  the  tube  and  its  ancillary  structures.  Its 
condition  was  visually  inspected  in  December  of  1986,  and  observations  of 
that  inspection  are  noted  below: 

a.  Rail  Bed.  The  rail  bed  upon  which  the  driver  is  carried  has 
settled.  The  rail  bed  beneath  the  expansion  section  has  also 
settled  except  for  the  length  resting  on  the  reaction  foundation. 
The  most  obvious  settlement  has  occurred  immediately  below  tube 
carriage  wheels  and  has  been  accompanied  by  flexure  of  rails  at 
these  locations.  At  some  previous  time,  shims  were  installed  on 
top  of  some  carriages  to  offset  the  effects  of  this  settlement  on 
tube  alignment. 

b.  Driver  Section.  The  downstream  end  of  the  driver  was  check¬ 
ed  for  roundness  over  an  80-foot  length.  The  tube  was  found  to 
be  virtually  round  along  this  length  except  for  a  5/ 16-inch 
elongation  of  the  vertical  axis  about  50  to  60  feet  from  the  open 
end.  This  distortion  is  believed  to  be  inconsequential. 
Straightness  of  the  tube  was  checked  against  a  stretched  string; 
no  flexure  of  consequence  was  apparent.  The  driver  was  not 
checked  for  levelness,  although  evidence  at  the  rail  bed  and 
reaction  pier  suggests  that  the  closed  end  has  settled  more  than 
the  open  end.  Walls  of  the  driver  were  generally  in  good  condi¬ 
tion,  however,  an  area  of  one-inch  by  two-inch  size  was  noted 
where  the  outside  fibers  were  delaminating  from  curved  fibers 
beneath. 
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c.  Reaction  Pier.  Moderate  to  severe  cracking  of  concrete  has 
occurred  on  both  parts  of  the  reaction  pier.  The  most  severe 
cracking  radiates  from  anchor  bolts  on  top  of  the  pier.  Settle¬ 
ment  of  the  rail  bed  may  have  induced  residual  stresses  on  upper 
anchor  bolts  which,  when  combined  with  tube  thrust  loadings, 
caused  these  cracks.  Cracks  in  the  pier  constitute  an  entry-way 
for  moisture  and  a  potential  cause  of  rebar  corrosion,  although 
little  corrosion  of  reinforcing  was  evident. 

d.  Reaction  Foundation.  The  condition  of  the  reaction  founda¬ 
tion,  including  its  connection  to  the  reaction  pier,  appeared  to 
be  good.  One  exception  to  this  is  the  tendency  of  water  to  pond 
in  depressions  in  its  top  surface.  The  bottom  connection  of  the 
driver  is  located  in  such  a  depression  and  is  corroding  from  its 
exposure  to  ponded  water.  The  reaction  foundation  is  equipped 
with  a  subsurface  drainage  system  which  was  not  operating  at  the 
time  of  inspection.  Alternating  sump  pumps  which  were  intended 
to  discharge  subsurface  groundwater  have  been  turned  off,  report¬ 
edly,  to  conserve  maintenance  costs.  Operability  of  pumps  was 
confirmed  during  the  inspection. 

e.  Expansion  Section.  Other  than  settlement  of  its  rail  bed, 
the  expansion  section  showed  no  evidence  of  serious  deteriora¬ 
tion.  Post-construction  additions  inside  and  on  the  downstream 
end  were  noted  with  respect  to  their  effect  on  test  bed  concepts. 

f.  Site  Selection  for  Nitrogen  Equipment.  Any  of  several 
locations  on  the  north  side  of  the  Reaction  Foundation  was  deter¬ 
mined  to  be  feasible  for  situating  elements  of  the  test  bed 
nitrogen  system. 

2.2  EXAMINATION  OF  OPERATIONS  LOG 

Records  of  shock  tube  operations  over  the  past  nine  years  were  exam¬ 
ined.  Logs  showed  that  the  driver  pressure  last  exceeded  91  psi  in  1977  (a 
100  psi  driver  pressure  was  used  in  November  of  1977).  Table  2-1  shows  a 
history  of  shock  tube  usage  over  the  past  five  years. 
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5-YEAR 

TABLE  2-1 

HISTORY  OF  SHOCK  TUBE 

USAGE 

NO.  OF 

MAX.  DRIVER 

MAX.  SIDE-ON 

YEAR 

SHOTS 

PRESSURE  (PS I) 

PRESSURE  (PS I) 

1982 

45 

70 

17.5 

1983 

32 

91 

20 

1984 

39 

91 

20 

1985 

4 

91 

20 

198  6 

4 

32.5 

10 

2.3  CONCLUSIONS 

Consideration  of  evidence  gathered  during  the  field  inspection  brought 
about  the  following  conclusions: 

a.  Suitability  for  Test  Bed  Construction.  The  2.44  meter  shock 
tube  can  be  modified  for  use  in  test  bed  experiments. 

b.  Rail  Bed.  New  temporary  supports  or  concrete  foundations 
should  be  placed  under  each  of  the  11  driver  supports  and  under  5 
of  6  expansion  section  supports.  Precise  survey  should  be  used 
in  conjunction  with  this  construction  to  enable  restoration  of 
both  sections  to  their  original  alignment  (if  permanent  founda¬ 
tions  are  installed) . 

c.  Driver  Support  System.  Additional  supports  should  be  in¬ 
stalled  between  existing  driver  supports  if  the  test  bed  concept 
involves  installation  of  the  new  driver  inside  the  existing 
driver. 
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d.  Expansion  Tube  Support  System.  Temporary  shoring  will  be 
required  beneath  the  expansion  section  if  the  test  bed  concept 
involves  transport  of  the  new  driver  inside  the  expansion  sec¬ 
tion. 


e.  Reaction  Pier.  The  resistance  of  the  pier  to  driver  thrust 
in  its  present  condition  is  indeterminate  but  is  known  to  be  less 
than  its  original  design  value.  Reinforcement  of  the  pier  will 
be  needed  to  restore  it  to  original  strength.  Instrumentation  of 
the  pier  to  determine  its  approximate  strength  is  theoretically 
possible,  but  costs  of  instrumentation  and  data  analysis  will 
probably  exceed  costs  of  its  restoration.  Failure  of  concrete  in 
diagonal  tension  has  caused  a  redistribution  of  strength  to  steel 
reinforcing  at  several  locations.  Direct  measurement  of  maximum 
tension  and  bond  stresses  in  reinforcing  steel  is  not  possible. 

A  further  complication  in  analysis  of  the  pier  is  associated 
with  settlement  of  the  driver.  That  is,  pier  distortions  caused 
by  driver  roadbed  settlement  will  cause  unequal  distribution  of 
thrust  loads  at  the  four  tube  attachments  to  the  reaction  pier. 

f.  Suitability  for  Continued  Use  of  2.44  Meter  Driver.  A 
determination  of  the  maximum  safe  driver  pressure  in  its  existing 
condition  was  not  part  of  the  study.  However,  observations  made 
during  the  field  inspection  suggest  that  it  should  be  downgraded 
or  not  used  at  all  in  the  future  unless  it  is  restored.  Field 
observations  included  reaction  pier  damage  as  noted  in  the  pre¬ 
ceding  paragraph,  a  localized  area  of  driver  shell  damage,  longi¬ 
tudinal  stressing  of  the  driver  shell  caused  by  unequal  settle¬ 
ments  of  the  driver  roadbed  and  the  reaction  foundation,  and 
welds  to  the  driver  shell  at  a  test  table  inside  the  driver. 
Restoration  would  include  repair  of  these  four  items  and  subse¬ 
quent  pressure  testing. 
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SECTION  3 

ALTERNATIVE  METHODS  FOR  INSTALLATION  OF  THE  NEW  DRIVER 


3.1  METHOD  OF  INSTALLATION 

Several  methods  for  installing  the  new  driver  in  the  existing  facility 
were  studied.  The  primary  objective  of  this  phase  of  the  study  was  to 
minimize  the  combined  costs  of  the  LB/TS  Test  Bed  modification  and  subse¬ 
quent  restoration  of  the  2.44  meter  driver  to  operating  condition.  Resto¬ 
ration  of  the  driver  to  its  original  strength  is  discussed  in  paragraph 
2.3f.  One  consideration  was  to  maintain  the  integrity  of  the  existing  2.44 
meter  tube  so  that  hydrostatic  testing  would  not  be  necessary  to  put  it 
back  into  service.  After  inspection  of  the  existing  tube,  it  was  deter¬ 
mined  that  hydrostatic  testing  will  be  needed  to  redefine  its  maximum 
working  pressure,  regardless  of  how  the  modification  is  done.  The  various 
methods  considered  for  installing  the  new  driver  are  shown  in  Figures  3-1 
and  3-2,  and  are  described  in  the  following  paragraphs. 

3.1.1  Method  I 

Method  I  is  referred  to  as  the  Muzzle  Load  concept.  In  this  method, 
the  new  driver  would  be  loaded  into  the  downstream  end  of  the  existing 
expansion  section.  The  new  driver  would  be  supported  on  flanged  wheels 
which  will  toll  on  a  temporary  track.  This  track  would  extend  from  80  feet 
outside  to  80  feet  inside  the  expansion  section.  The  driver  would  be 
rolled  8  0  feet  into  the  tube,  and  the  outside  track  would  then  be  moved 
into  the  tube  through  the  opening  at  the  diaphragm  section.  The  opening  at 
the  diaphragm  section  will  limit  the  length  of  track  sections  to  20  feet. 

The  driver  would  be  moved  200  feet  through  the  expansion  section  and 
80  feet  into  the  existing  driver  section.  An  80  foot  length  of  track  would 
remain  in  the  expansion  section  so  that  the  new  driver  may  be  foiled  out  of 
the  2.44  meter  driver  for  maintenance  of  the  new  heater  and  insulation 
systems.  The  existing  shock  tube  must  be  supported  from  beneath  to  carry 
the  new  driver  as  it  travels  on  the  track  inside  (Figure  3-3).  This  can  be 
accomplished  with  temporary  supports  where  the  track  is  to  be  temporary  and 
with  permanent  supports  for  an  80  feet  distance  upstream  and  downstream 
from  the  reaction  pier.  Temporary  supports  can  be  substituted  for  perma¬ 
nent  supports  if  eventual  and  economical  restoration  of  the  2.44  meter  tube 
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is  not  a  consideration.  However,  settlement  of  temporary  supports  would 
need  to  be  periodically  monitored  during  the  Test  Bed  experiment. 

3.1.2  Method  II 

Method  II  is  similar  to  Method  I  except  that  an  8  5  foot  length  of  the 
existing  expansion  section  would  be  temporarily  removed  while  the  new 
driver  is  loaded  directly  into  the  existing  driver.  The  85  foot  length  of 
expansion  section  would  then  be  replaced,  and  8  0  feet  of  track  would  be 
installed  inside  it  (for  driver  extraction  and  maintenance). 

3.1.3  Method  III 

Method  III  involves  the  cutting  of  anchor  plates  from  the  existing 
driver,  removing  the  concrete  barricade  at  the  head  end  of  the  driver, 
installing  a  100  foot  extension  to  the  existing  rail  system,  and  rolling 
the  entire  270  foot  driver  a  distance  of  100  feet  from  the  existing  reac¬ 
tion  pier.  The  new  driver  would  then  be  installed  on  the  existing  rails 
and  anchored  to  the  reaction  pier.  Maintenance  of  the  new  tube  could  be 
done  in  place,  i.e.,  without  moving  it. 

3.1.4  Method  IV 

In  Method  IV,  an  85-foot  section  of  the  existing  driver,  starting  at  a 
point  25  foot  upstream  of  the  existing  diaphragm  flange,  would  be  removed. 
The  new  driver  would  be  installed  on  the  vacated  8  5  feet  of  existing  track 
and  then  rolled  into  the  remaining  25-foot  section  of  existing  driver.  It 
would  be  attached  to  the  existing  diaphragm  flange.  The  new  driver  would 
be  open  for  maintenance  except  for  the  25  feet  inside  the  existing  driver. 


3.1.5  Method  V  . 

In  Method  V,  the  entire  270-foot  existing  driver  would  be  removed 
without  cutting  either  the  tube  wall  or  the  anchor  plates.  The  new  driver 
would  be  installed  in  place  and  anchored  to  the  reaction  pier.  Maintenance 
could  be  accomplished  without  moving  the.  new  driver. 
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3.1.6  Method  VI 

Method  VI  is  similar  to  Method  V  except  only  an  85-foot  section  of 
existing  driver  would  be  removed.  The  2.44  meter  tube  would  be  cut  85  feet 
upstream  from  the  diaphragm  flange  and  lifted  off  the  track  and  reaction 
pier  and  set  to  one  side  on  blocks. 

3.2  SELECTED  INSTALLATION  METHODS 

Methods  II  through  V  were  eliminated  from  further  consideration  be¬ 
cause  of  their  similarity  or  complexity  compared  to  Methods  I  and  VI.  The 
existing  driver  is  kept  intact  in  Method  I,  making  this  concept  conform  to 
philosophy  implied  in  the  Statement  of  Work.  However,  Method  I  will  pre¬ 
sent  a  maintenance  problem  in  that  the  new  driver  must  be  pulled  out  of  the 
existing  driver  and  into  the  expansion  section  to  replace  electric  heaters. 
This  undesirable  feature  of  Method  I  led  to  a  more  detailed  study  of  Method 
VI.  Both  methods  are  considered  in  the  succeeding  sections  of  this  report. 
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SECTION  4 

NEW  HIGH  PRESSURE  DRIVER 

4.1  DRIVER  SIZE  AND  MATERIAL 

The  new  high  pressure  driver  will  have  an  overall  length  of  8  0  feet 
and  an  inside  diameter  of  36  inches.  The  driver  shell  will  be  constructed 
of  SA  516  Grade  70  steel  and  will  be  2.25  inches  thick.  A  36-inch  inside 
diameter  flange,  rated  at  1500  psi  class,  will  be  mounted  on  the  downstream 
end  to  connect  either  the  converging  nozzle  or  a  quick  valve.  This  flange 
will  withstand  2665  psi  at  700  F.  The  upstream  end  of  the  driver  will  be 
closed  with  a  welded  hemispherical  head.  A  12  inch  diameter  flange  connec¬ 
tion  is  welded  to  the  hemispherical  head  to  provide  a  means  for  air  cooling 
the  driver. 

4.2  DRIVER  SUPPORT 

Two  methods  of  driver  tube  support  were  developed  to  suit  two  alter¬ 
native  means  (Methods  I  and  VI)  of  driver  installation.  If  the  driver  tube 
is  installed  inside  the  existing  2.44  meter  diameter  driver,  the  support 
shown  in  Figure  4-1  should  be  used.  If  the  existing  driver  is  removed  from 
the  reaction  pier  to  facilitate  the  new  driver,  the  support  shown  in  Figure 
4-2  should  be  used.  Supports  shown  in  Figure  4-2  would  in  turn  be  support¬ 
ed  by  new  track  supports  (See  Figure  4-3) .  These  track  supports  should  be 
installed  at  10-foot  intervals  and  will  permit  re-installation  of  the  2.44 
meter  driver  upon  conclusion  of  LB/TS  test  bed  experiments.  As  noted 
previously,  temporary  supports  can  be  substituted  for  permanent  supports  if 
eventual  and  economical  restoration  of  the  2.44  meter  tube  is  not  a  consid¬ 
eration. 

4.3  DRIVER  ANCHOR 

The  new  driver  can  be  anchored  to  the  existing  reaction  pier  in  either 
of  two  ways,  depending  upon  whether  the  existing  driver  is  or  is  not  re¬ 
moved.  If  the  new  driver  is  located  inside  the  existing  2,44  meter  driver, 
its  flange  should  be  bolted  to  a  12-inch  thick  plate  which  is  also  bolted 
to  the  existing  driver  flange.  The  converging  diaphragm  section  and  quick 
valve  can  be  bolted  to  another  flange  which  is  welded  to  an  extension  of 
the  driver  on  the  downstream  size  of  the  12-inch  thick  plate  (See  Figure 
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4-4)  .  This  intricate  configuration  was  derived  to  permit  hydrostatic 
testing  of  the  new  driver  in  the  shop  and  its  subsequent  insertion  into  the 
muzzle  of  the  existing  expansion  section  (or  upstream  from  the  existing 
reaction  pier). 

If  the  2.44  meter  driver  is  removed  from  the  reaction  pier,  a  5-foot 
thick  concrete  block  can  be  attached  to  the  downstream  side  of  the  reaction 
pier  as  shown  in  Figure  4-5.  The  block  would  have  a  hole  in  it  to  allow 
the  new  driver  to  pass  through,  and  the  driver  can  be  anchored  by  a  split 
ring  on  the  downstream  side  of  the  concrete  block  as  shown  in  Figure  4-6. 

The  first  of  these  two  methods  lends  itself  to  relative  ease  of  re¬ 
storing  the  2.44-meter  driver  to  operating  condition.  Regardless  of  the 
method  used,  reinforcement  of  the  Reaction  Pier  (See  Figure  4-7)  will  be 
required.  Replacement  of  fractured  concrete  and  epoxy-injection  of  cracks 
will  be  needed  before  reinforcement  of  the  pier. 

4.4  MAXIMUM  OPERATING  THRUST  WITH  NITROGEN 

The  magnitude  of  thrust  developed  by  the  driver  depends  on  whether  or 
not  a  divergent  diffuser  is  attached  to  the  discharge  nozzle.  With  a 
diffuser,  the  maximum  thrust  estimate  is  818,000  lbs  as  outlined  in  the 
scope  of  work.  Such  a  diffuser  was  only  considered  to  account  for  a  very 
unlikely  future  contingency.  That  is,  the  driver  is  expected  to  operate 
without  diverging  nozzle.  An  effort  was  made  to  evaluate  the  built-in 
safety  factor  included  in  the  conceptual  design  when  the  driver  operates  in 
the  expected  configuration  including  the  transient  effects  due  to  the 
rarefaction  waves. 

After  the  sudden  removal  of  the  throat  diaphragm  the  driver  gas  accel¬ 
erates  and  reaches  the  limiting  throat  exit  velocity  or  critical  choked 
flow.  In  the  process  rarefaction  waves  move  upstream  into  the  driver  gas. 
This  gas  is  thus  accelerated  by  the  waves  and  by  passage  through  the  con¬ 
vergent.  As  soon  as  the  rear  of  the  wave  clears  the  convergent  the  two 
modes  of  acceleration  are  separated  and  the  only  unsteady  part  of  the  flow 
is  the  spreading  wave  in  the  driver.  Otherwise  the  flow  can  be  treated  as 
one-directional  and  adiabatic  everywhere  at  least  until  the  front  wave 
reaches  the  driver  head. 

The  wave  equation  (Re:  Shapiro  Eq.  25.32d)  relates  the  flow  to  the 
initial  rest  properties  of  the  gas  ahead  of  the  wave  as  follows: 
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Mb  =  a(l-b) 

Where:  M  =  Local  Mach  number 


(1) 


a  -  2/ (k-1)  =  5 

b  =  Ratio  of  local  to  initial  acoustic  velocity 
k  =  1.4  =  7/5  for  nitrogen 


In  the  time  frame  selected  there  is  no  acceleration  between  the  rear 
of  the  wave  and  the  convergent  inlet.  The  Mach  number  M  at  the  rear  of  the 
wave  is  the  inlet  Mach  number  of  the  4:1  area  ratio  convergent  and  verifies 
(Re:  Shapiro  Eq.  4.19): 


4M  =  [(1  +  M2/a)(5/6)]3 


(2) 


The  subsonic  root  of  this  equation  is  by  iteration: 

M  -  0.146548 
Hence:  b  =  0.971525 

Based  on  the  isentropic  relations  (Re:  Shapiro  Eq.  4.12)  the  ratio  of 
other  flow  properties  at  the  rear  of  the  wave  relative  to  the  initial  value 
ahead  of  the  wave  are  equal  to  a  power  n  of  b  as  follows: 


n  =  2  for  temperatures 
n  =  a  =,  5  for  densities 
n  =  ka  =  7  for  pressures 


The  time  rate  increase  G  of  driver  gas  momentum  due  to  the  wave  is 
then  computed  by  integration  from  the  front  (b=l)  to  the  rear  (b=b)  of  the 
wave  as: 


G/PA  =  1  -  b7  -  35b5(l-b)2 


(3) 


Where:  P  =  initial  driver  gas  absolute  pressure 

A  =  driver  gas  cross  section 
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It  may  be  shown  that  the  last  two  terns  of  this  equation  are  respec¬ 
tively  the  dimensionless  convergent  inlet  pressure  force  (H/PA)  and  influx 
momentum  (K/PA)  in  that  order. 

H  =  .816916  (PA) 

K  =  .024462  (PA) 

G  =  .158522  (PA) 

The  convergent  inlet  impulse  function  F  is  by  definition  the  sum  of  H 
and  K  or: 


F  =  .841478  (PA) 

In  the  convergent  there  is  no  further  change  to  the  stagnation  proper¬ 
ties  of  the  rear  of  the  wave.  In  particular,  the  convergent  ratio  of 
stagnation  to  local  temperature  is  proportional  (Re:  Shapiro  Eq.  4.14a) 
to : 

1  +  M2/a 

For  choked  throat  conditions  (M  =1)  this  ratio  is  at  the  throat: 
1  +  a_1=  6/5  =  (1/2) (k+1) 

The  ratio  of  outlet  to  inlet  temperature  was  shown  to  be  the  square  of 
the  corresponding  acoustic,  velocity  ratio  B  so  that  (Re:  Shapiro  Eq. 
6.24): 

B2  =  (5/ 6) ( l+M2/a)  (4) 

The  ratio  of  throat  to  initial  temperature  is  then  by  eliminating  M 
between  (1)  and  (4),  equal  to: 

(bB)2  =  (5/6)[b2+5(l-b)2]  (5) 

Or:  (bB)  =  .8887795 
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As  a  result,  applying  the  isentropic  relations  as  before  it  may  be 
shown  that,  in  terms  of  the  initial  static  pressure  force  PA,  with  K*  the 
convergent  efflux  momentum,  H*  the  throat  pressure  force,  and  F*  the  throat 
impulse  function: 

K*/PA  =  (k/d) (bB) 7 
H*/PA  =  (l/d) (bB) 7 
F*/PA  =  (l/d)(k+l) (bB)7 
Or:  H*  =  .109521  (PA) 

K*  =  .15333  (PA) 

F*  =  .26  28  51  (PA) 

The  momentum  equation  applied  to  the  gas  volume  of  the  convergent  (Re: 
Shapiro  Eq.  4.21)  shows  that  the  net  force  R  exerted  by  the  gas  on  the 
convergent  walls  is  in  the  direction  of  the  flow  and’  equal  to  the  impulse 
function  gradient: 


R  =  F-F*  =  .578627  (PA) 

Before  the  release  of  the  diaphragm  this  force  was  equal  to  PA.  There 
is  thus  a  sudden  drop  of  (PA-R)  in  the  longitudinal  wall  tensioning  load  of 
about  42  percent.  This  is  the  first  of  a  series  of  events  discussed  in 
Section  4.5  "LONGITUDINAL  DYNAMIC  EFFECTS". 

The  momentum  equation  applied  to  a  control  volume  enveloping  the 
driver  states  that  the  net  external  force  S  restraining  the  driver  is  in 
the  direction  of  the  flow  and  equal  to  the  time  rate  increase  G  of  momentum 
within  the  driver  plus  the  excess  of  the  outgoing  momentum  flux  over  the 
incoming  momentum  flux  (here  equal  to  zero). 

Let  p  be  the  ambient  absolute  pressure  at  the  head  of  the  driver  and 
pr  the  ambient  absolute  pressure  at  the  tail  of  the  driver  outside  of  the 

choked  discharge  jet.  The  ratio  of  the  annular  base  area  outside  of  the 

jet  to  that  of  the  throat  is  (d— 1)  =  3  and: 

S  =  G  +  K*  +  H*  -  pA  +  p ’  (A/d)  (d-1)  (6) 

=  PA  -  R  -  pA  +(3/4)pfA 
=  [1  -  (R/PA)  -  r  +  (3/4)r f ] (PA) 
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By  definition  the  magnitude  of  the  driver  thrust  is  equal  to  S  but  in 
the  opposite  direction*  In  the  preceding  equation  r  =  p/P  and  r*  *  p'/P. 
Since  the  backpressure  p1  never  exceeds  p,  the  last  term  is  a  drag  as  it 
reduces  S.  Zero  backpressure  is  therefore  not  a  conservative  assumption. 
Instead  let  r’  =  r  =  14.7/1775  =  .0082  then: 

S  =  [1  -  (R/PA)  -  (r/d) ] (PA) 

-  0.419303  (PA) 

For  P  =  1775  psia  and  A  =  1017.87  in^, 

S  =  757,567  lbs 

This  is  92.6  percent  of  the  818,000  lb  thrust  in  the  scope  of  work. 
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4.5  LONGITUDINAL  DYNAMIC  EFFECTS 


An  effort  was  made  .  to  determine  the  magnitude  of  the  longitudinal 
dynamic  stress  of  the  driver,  based  on  test  data  acquired  in  1966  for  the 
design  of  the  existing  eight  foot  driver.  These  data  are  contained  in  a 
document  entitled,  Study  of  Shock  Tube  Driver  Section  Stresses  and  Expan¬ 
sion  Reaction  Section  Loadings  (Reference  3) .  The  40  millisecond  trace  of 
the  longitudinal  stress  and  the  shock  pressure  downstream  of  the  driver  is 
included  in  Appendix  B  with  the  harmonic  analysis  of  the  longitudinal 
stress. 

The  harmonic  analysis  was  done  to  determine  the  fundamental  natural 
frequency  of  the  driver  tested.  The  length  of  the  driver  was  one-half  of 
its  fundamental  wavelength  when  both  ,  ends  were  free  and  one-quarter  wave¬ 
length  when  one  end  was  fixed  and  the  other  free.  A  270  foot  long  driver 
anchored  at  one  end  is  expected  to  resonate  at  16  Hz.  To  detect  such  low 
frequency,  at  least  one  full  period  or  64  milliseconds  of  the  signal  must 
be  sampled.  Since  the  record  covered  less  than  40  milliseconds,  the  16  Hz 
signal  could  not  be  detected. 

The  record  indicated  that  the  longitudinal  stress  of  the  tested  driver 
briefly  exceeded  the  initial  static  stress  by  a  factor  of  1.62.  This 
occurred  approximately  10  milliseconds  after  the  onset  of  dynamic  condi¬ 
tions.  This  is  less  than  the  doubling  of  stresses  that  would  occur  if  the 
driver  anchor  were  instantaneously  loaded  by  the  static  pressure  on  the 
driver  head  from  a  state  of  zero  stress. 

In  the  tested  driver,  the  diaphragm  area  was  equal  to  that  of  the 
driver  cross  section.  The  proposed  Test  Bed  driver  will  be  designed  for  a 
sonic  throat  of  reduced  area. 

In  the  preceding  Section  4.4  it  was  shown  that  firing  the  diaphragm 
causes  a  sudden  reduction  from  PA  to  R  in  the  tension  load  of  the  driver 
walls  due  to  the  internal  gas  pressure.  This  unloading,  however,  is  of 
short  duration  since  the  restraining  driver  anchor  will  ultimately  prevent 
the  axial  movement  of  the  driver  under  its  internal  unbalanced  pressure  and 
jet  thrust  developed  by  the  choked  discharged  gas. 

Two  factors  must  be  considered,  the  reloading  rate  and  the  anchor 
location  at  the  rear  of  the  cylindrical  driver  section.  With  less  than 
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1/16  inch  play  in  the  anchor  bolt  holes  the  reloading  must  indeed  be  con¬ 
sidered  instantaneous.  This  is  the  worst  case  as  it  generates  elastic 
waves  in  the  wall  thus  adding  stresses  that  will  peak  at  twice  the  tension 
that  would  otherwise  result  from  the  gradual  application  of  the  reload.  No 
such  problem  would  exist  if  the  anchor  had  been  located  at  the  head  of  the 
driver  for  in  that  case  the  walls  would  be  compressed  instead  of  tensioned 
by  the  restraining  force  S  =  sPA  of  the  anchor. 

The  initial  wall  tension  is  (1-r)  PA.  Upon  firing  the  diaphragm  and 
as  long  as  the  anchor  does  not  reload  the  wall  tension  drops  to: 

R-3p'A/4  =  (1-r-s)  PA 

The  sudden  reload  of  the  anchor  is  equivalent  to  a  2S  static  reload  on 
the  walls  and  the  tension  will  then  peak  at  (1-r+s)  PA.  The  ratio  of  peak 
to  initial  wall  tension  is  with  s  *  .4193  and  r  =  .0088': 

1  +  s/ (1-r)  -  1.4228 

The  allowable  longitudinal  stress  is  the  same  as  the  allowable  hoop 
Stress.  However,  the  geometry  of  the  cylindrical  driver  results  in  hoop 
stress  being  double  the  longitudinal  stress  under  static  conditions.  In 
other  words,  the  longitudinal  wall  stress  may  safely  be  allowed  to  exceed 
by  up  to  100  percent  its  initial  static  value.  The  42-28  percent  calcu¬ 
lated  above  is  thus  intrinsically  safe  and  does  not  require  a  thickness 
increase  of  the  driver  walls. 

For  flanged  driver  there  is  no  such  built  in  allowance  and  both 
flanges  and  bolts  must  be  designed  to  withstand  the  dynamic  maximum  stress. 
It  must  be  noted  that  some  codes’  allow  23  percent  increase  in  the  allowable 
stress  for  loads  of  short  duration. 

The  test  driver  thickness  is  2.25  in.  with  .05  in.  for  corrosion 
allowance  or  a  net  thickness  t  •-  2.2  in.  Its  radius  R1  =  18  inches.  The 
gage  design  pressure  PT  =  1760  psig.  The  ASME  Boiler  Code,  Section  VIII, 
Longitudinal  Stress  is  then: 
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(P ' / 2t) (R'-O. 4t)  =  6848  psi 

At  peak  this  stress  may  reach: 

(1.4  2  28)  (6848)  =  9  7  43  psi 

With  a  16.5  feet  maximum  between  supports,  the  bending  stress  was 
calculated  to  be  102  psi  and  the  maximum  operating  longitudinal  stress  will 
not  exceed: 

9743  +  102  =  9845  psi 

The  maximum  allowable  stress  with  SA  516  steel,  Grade  70  at  710  F  is 
16,240  psi.  The  safety  factor  is  thus: 

16240/9845  =  1.6495 

The  hoop  stress  is  per  ASME  Boiler  Code,  Section  VIII: 

(P'/t)(R'+0.6t)  =  15456  psi 

This  is  less  than  the  16240  psi  allowable. 

Computations  of  longitudinal  dynamic  effects  are  also  included  in 
Appendix  B. 
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INSTALLATION  OF  NEW  DRIVER 
IN  EXISTING  TUBE 


Figure  4-1 


INSTALLATION  OF  NEW  DRIVER 
OUTSIDE  EXISTING  TUBE 


Figure  4-2 


NOTE: 

TRACK  SUPPORT  STRUCTURE  IS  ALSO  APPLICABLE 
IF  THE  NEW  DRIVER  RESTS  DIRECTLY  ON  RAIL  BED. 


NEW  CONCRETE 
TRACK  SUPPORT 
(4'  LONG)  AT  EACH 
DRIVER  CARRIAGE 


TRACK  SUPPORTS 


Figure  4-3 
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Figure  4-4 


THRUST  RESISTANCE  SYSTEM  (METHOD  I) 
AND  QUICK  VALVE  INSTALLATION 


STEEL  STRAP 


ADDITION  OF  CONCRETE  BLOCK 
TO  REACTION  PIER 
(METHOD  m) 


Figure  4-5 


THRUST  RESISTANCE  SYSTEM 
(METHOD  in) 


Figure  4-6 


PLATE  SPLICE. 
WELD  AFTER 
STEEL  SKIN 
IS  PRE-STRESSED 


REPA'R  OF  REACTION  PIER 


Figure  4-7 


SECTION  5 

DRIVER  HEATING  SYSTEM 


5.1  HEATING  ELEMENTS 

Heating  elements  can  be  installed  around  the  circumference  of  the 
driver  tube  at  two-foot  intervals.  Twelve  inches  of  thermal  insulation 
would  enclose  the  driver  and  its  heating  elements.  Thirty  kilowatts  of 
electric  energy  will  be  needed  to  heat  the  driver  from  0  F  to  700  F  in  96 
hours.  The  96-hour  heating  period  was  considered  to  be  suitable  for  the 
testing  program  but  could  be  decreased  at  the  expense  of  greater  power 
costs.  Three  tests  per  week  and  a  48-hour  interval  between  tests  were 
assumed.  It  was  also  assumed  that  the  maximum  temperature  increase  between 
tests  would  be  350  F.  The  steady  state  heat  loss  through  tube  insulation 
would  be  20,000  btu/hour  at  a  tube  temperature  of  700  F.  See  paragraph  5.4 
for  quick  cooldown  provision. 

5.2  TEMPERATURE  CONTROL 

The  entire  tube  would  be  maintained  at  a  designated  set  temperature, 
and  heating  elements  would  be  controlled  automatically  to  obtain  the  preset 
temperature  from  a  control  panel  in  the  existing  control  room.  Temperature 
sensors  would  be  located  on  the  outer  surface  of  the  tube  at  four  foot 
intervals  along  the  length  of  the  driver  between  every  second  heater  ele¬ 
ment.  Temperature  control  will  be  based  upon  the  highest  temperature 
reading.  Heater  failures  would  be  indicated  by  a  low  temperature  readout 
of  any  one  sensor  relative  to  the  other  readings.  Separate  temperature 
sensors  can  be  installed  through  the  tube  wall  to  read  gas  temperature.  A 
safety  override  control  system  would  disconnect  electric  power  from  heater 
controllers  if  the  temperature  control  failed. 

5.3  MAINTENANCE  OF  HEATING  SYSTEM 

The  use  of  electrical  strip  heating  elements  on  pressure  containment 
vessels  is  not  a  new  concept.  However,  their  application  at  this  facility 
introduces  the  new  dimension  of  performance  under  shock  environment.  As 
such,  the  performance  of  strip  heaters  in  this  environment  needs  to  be 
confirmed  as  an  objective  of  the  Large  Scale  Test  Bed  program.  Replacement 
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of  individual  strip  heaters  may  be  necessary  until  optimum  mounting  and 
connection  designs  are  developed.  The  possibility  of  heater  replacement, 
even  if  infrequent,  tends  to  disfavor  the  concept  (Method  I)  involving 
enclosure  of  a  new  driver  within  the  existing  driver  shell. 

5.4  QUICK  COOLDOWN  PROVISIONS 

A  12,500  cfm  blower  will  be  used  to  cool  the  driver  by  connecting  the 
blower  with  an  isolation  valve  at  the  12  inch  diameter  flanged  connection 
in  the  hemispherical  head  of  the  driver. 
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SECTION  6 

CONVERGING  NOZZLE  AND  DIAPHRAGM  INSTALLATION 
WITH  CONSIDERATION  FOR  A  QUICK  VALVE 

6.1  CONVERGING  NOZZLE/ORIFICE  PLATE 

A  converging  nozzle,  with  mating  flange  (1500  psi  class,  36-inch 

inside  diameter)  can  be  attached  to  the  driver  tube  flange.  Figure  6-1 

shows  a  nozzle  configuration  with  two  stages  of  area  reduction.  The  first 
stage  reduces  the  36-inch  diameter  to  18-inches  for  tests  requiring  maximum 
downstream  pressure.  The  second  stage  attachment  can  be  used  for  obtaining 
a  further  reduction  in  area  to  achieve  lower  downstream  pressures  and 

longer  duration  waves  (shown  is  either  12-inch  or  6- inch  reduction).  A 

simple  orifice  plate  mounted  ahead  the  diaphragm  may  be  used  in  lieu  of  the 
second  and  smaller  stage  attachments.  Orifice  plates  have  worked  well  in 
smaller  scale  experiments  by  sizing  orifices  to  compensate  for  inherent 
losses. 

6.2  QUICK  VALVE 

A  quick  valve  (Figure  6-2)  can  be  attached  to  the  driver  tube  flange 
in  place  of  the  converging  nozzle.  If  a  quick  valve  can  be  successfully 
developed,  it  will  perform  the  same  functions  as  the  converging  nozzle  and 
diaphragms . 

6.3  DIAPHRAGM  INSTALLATION 

Figure  6-3  shows  the  proposed  diaphragm  installation  concept.  This 
concept  allows  the  use  of  a  single  diaphragm,  two  diaphragms,  or  a  single 
diaphragm  and  a  baffle/heat  shield.  This  device  will  permit  testing  over 
wide  pressure  and  temperature  ranges  with  diaphragms  of  optimum  thickness. 
A  pressure  control  system,  as  described  in  the  following  paragraph,  will 
maintain  equal  pressure  drop  across  each  diaphragm  when  two  diaphragms  are 
installed. 

6.4  PRESSURE  CONTROL  SYSTEM 

A  dual  diaphragm  configuration  has  been  previously  proposed  to  reduce 
LB/TS  diaphragm  and  cutting  charge  costs.  Such  an  arrangement  will  also 
limit  temperature  rise  on  downstream  diaphragm.  This  concept  would  utilize 
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two  diaphragms  to  share  the  driver  pressure  load  by  limiting  pressure 
between  diaphragms  to  half  that  of  gas  stored  in  the  driver. 

Refer  to  Figure  6-4  for  definition  of  pressures  and  volumes  relative 
to  the  following  discussion.  The  pressure  P*  of  volume  V1  between  the  two 
diaphragms  must  be  kept  at  half  the  driver  pressure  P  because  neither 
diaphragm  can  withstand  pressure  P.  This  can  be  achieved  by  allowing  small 
amounts  of  driver  gas  to  bleed  into  Vf  through  a  small  manually-adjusted 
metering  valve.  The  bleed-out  line  of  V!  will  release  gas  to  maintain  P1 
at  P/2  by  a  modulating  control  valve  on  this  line.  This  modulating  valve 
will  be  positioned  by  a  force-balanced  pneumatic  operator  with  two  unequal 
sized  diaphragms  (See  Figure  6-5).  A  differential  pressure  ratio  (P/Pf)  of 
two  can  be  achieved  if  one  diaphragm  area  is  twice  that  of  the  other.  That 
is,  the  force  exerted  by  PT  on  the  larger  area  will  balance  for  force 
exerted  by  P  on  the  smaller  area  at  a  pressure  ratio,  R  =  P/PT  =  2.  A  bias 
spring  will  allow  slight  adjustment  of  the  pressure  ratio  by  operating 
personnel. 

6.4.1  Safety 

For  safety  purposes,  back-up  control  valves  would  take  over  in 
the  event  of  failure  of  the  main  control  valve.  This  could  be  achieved  by 
providing  two  identical  modulating  valves,  one  of  which  would  be  connected 
in  parallel  and  the  other  in  series.  If  the  primary  operator  fails  in  the 
open  position,  the  series  (downstream)  valve  set  at  a  higher  R  ratio,  would 
assume  control.  If  the  primary  operator  fails  in  the  closed  position,  the 
parallel  valve  set  at  a  lower  R  ratio,  would  take  over. 

6.4.2  Availability 

The  depicted  concept  requires  a  custom-made  pneumatic  operator  for  the 
rated  pressure  of  2,000  psi.  Custom  fabrication  may  be  possible  by  assem¬ 
bly  of  available  fittings.  Temperature  limitations  may  require  cooling  of 
the  bleed-out  leg  in  radiation  fins  or  by  a  water  jacket  supplied  with  the 
cooling  system  proposed  in  paragraph  6.4.  A  pressure  control  system  com¬ 
posed  entirely  of  available  components  is  possible  by  using  intervening 
pressure  transducers  and  average  relays.  However,  the  proposed  method  is 
preferable  because  of  its  relative  simplicity. 
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6.5  COOLING  SYSTEM 

A  closed-cycle  cooling  system  for  the  driver /diaphragm  nozzle  section 
is  shown  by  Figure  6-6.  The  cooling  system  will  have  sufficient  capacity 
to  limit  temperature  rise  of  the  downstream  diaphragm  or  the  quick  valve  to 
250  F.  This  system  will  consist  of: 

a.  Cooling  Jackets 

b.  System  Pump 

c.  Fan  Cooled  Radiator 

d.  Expansion  Tank 

To  prevent  freeze-up,  the  cooling  media  should  be  an  ethylene-glycol/ 
water  mix.  The  cooling  media  would  be  circulated  by  an  in-line  pump 
through  a  fan-cooled  radiator  where  it  would  be  cooled  to  within  a  few 
degrees  of  the  ambient  air  temperature.  An  expansion  tank  would  be  pro¬ 
vided  to  equalize  flow  conditions  within  the  system  and  to  allow  a  reser¬ 
voir  of  liquid  to  compensate  for  leaks  and  spillage.  Water  jackets  would 
envelope  surfaces  to  be  cooled  at  the  diaphragm  section  (See  Figure  6-7), 
and  these  jackets  would  be  piped  in  a  counterflow  configuration. 
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TRANSITION 
TO  2.44M 
EXPANSION 


METHOD  OF 
INSTALLING  SMALLER 
CONVERGING  NOZZLES 
AND  DIAPHRAGMS 
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Figure  6-2 


THRUST  RESISTANCE  SYSTEM  (METHOD  I) 
AND  QUICK  VALVE  INSTALLATION 


-CONVERGING  NOZZLE 


DIAPHRAGM  HOLDER- 


EXPLOSIVE 
CUTTING 
CHARGE — - 


HEAT  SHIELD 
OR  UPSTREAM 
DIAPHRAGM- — 


DETONATOR 


DUAL  DIAPHRAGM 
INSTALLATION 


Figure  6-3 
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•Figure  6-4 


PRESSURE  CONTROL  SYSTEM  SCHEMATIC 


DRIVER  INPUT 
PRESSURE  (P) 


CONTROLLED 

BACK 

PRESSURE  (P1) 


PRINCIPLE  OF  OPERATION: 

SINCE  FORCE  EQUALS  PRESSURE  TIMES  AREA, 

LESS  BACK  PRESSURE  IS  REQUIRED  TO  BALANCE  A 
GIVEN  INPUT.  IN  THE  2:1  RATIO  MODEL,  AN  INPUT 
OF  I800PSI  WOULD  RESULT  IN  A  900PSI  BACK 
PRESSURE. 


RATIO  BIAS 
SPRING 


VENT 


■OUTPUT 


FORCE  BALANCED 
PNEUMATIC  OPERATOR 


Figure  6-5 


CLOSED  CYCLE  NOZZLE/VALVE 
COOLING  CIRCUIT 


Figure  6-6 


AND  DIAPHRAGM  HOLDER 
WITH  WATER  COOLING  Figure  6-7 


SECTION  7 

HIGH  PRESSURE  GAS  SUPPLY 


7.1  SYSTEM  DESCRIPTION 

The  proposed  high  pressure  gas  system  will  utilize  liquid  nitrogen 
from  an  on-site  storage  tank,  positive  displacement  pumps  to  pressurize  the 
driver,  and  two  vaporizers  to  gasify  the  liquid  nitrogen.  Liquid  nitrogen 
will  be  vaporized  by  heat  absorbed  from  air  with  two  vaporizers  and  brought 
to  within  5  C  of  ambient  temperature  with  two  booster  heaters.  Two  pumps 
will  be  provided  to  pressurize  the  driver  tube  to  its  maximum  level  in  a 
one-hour  period  after  a  10-minute  gravity  cool  down  of  the  pump  suction 
lines.  If  one  pump  fails,  the  other  pump  would  pressurize  the  driver  tube 
in  twice  the  time  needed  for  a  two  pump  operation.  The  pumps,  their  lubri¬ 
cation  and  control  systems,  switchgear,  and  trim  heaters  should  be  located 
in  a  12-foot  by  20-foot  enclosure  for  weather  protection.  A  schematic 
diagram  of  the  liquid  nitrogen  system  is  shown  on  Figure  7-1. 

7.2  PUMPS 

The  required  pump  capacity  was  estimated  to  be  5  gpm  at  2,000  psi. 
Pumps  should  be  monitored  for  cool  down,  loss  of  suction,  recirculation, 
and  cavitation  by  a  microprocessor  which  also  logs  pump  running  time.  If 
the  storage  tank  is  pressurized  during  flow  conditions,  booster  pumps  will 
not  be  needed  in  the  suction  line  to  the  main  pumps.  Several  spare  "cold 
heads"  should  be  kept  on  hand  because  this  part  of  a  positive  displacement 
pump  is  a  high  maintenance  item. 

7.3  STORAGE  TANK  AND  FILL  STATION 

The  required  storage  tank  capacity  was  estimated  to  be  6,000  gallons 
to  cover  any  conceivable  weekly  consumption.  Boil-off  losses  are  expected 
to  not  exceed  one  percent  of  the  tank  content  per  day.  A  fill  station  is 
needed  at  the  storage  tank  to  accomodate  quick  connect  and  disconnect  of 
flexible  hoses  on  LN2  supply  trucks.  Filling  is  normally  done  using  pumps 
on  supply  trucks.  Rental  of  a  complete  storage  tank  and  control  system 
from  a  liquid  nitrogen  supplier  is  often  cost-effective  for  "hospital  size" 
installations  such  as  the  proposed  system.  For  this  reason,  purchase  cost 
of  the  storage  tank  was  not  included  in  estimates  for  this  study. 
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7.4  VAPORIZERS  AND  BOOSTER  HEATERS 

The  two  vaporizers  will  be  batteries  of  externally  finned  tubes  that 
are  connected  in  parallel.  Heat  needed  for  vaporization  will  be  supplied 
by  ambient  air  that  circulates  around  the  fins  by  natural  convection. 
Liquid  nitrogen  will  enter  the  bottom  headers  of  vaporizers  under  pump 
pressure  to  be  forced  through  the  finned  tubes.  After  complete  vaporiza¬ 
tion  in  the  tubes,  the  pressurized  gas  will  be  collected  in  headers  at  the 
top  of  vaporizers.  The  temperature  of  nitrogen  gas  leaving  the  headers 
will  depend  upon  the  ambient  temperature  and  upon  the  amount  of  ice  build¬ 
up  on  the  fins.  The  rate  of  heat  exchange  between  ambient  air  and  the 
nitrogen  will  be  influenced  by  the  built-up  ice. 

Electric  indirect  (isopentane  bath)  trim  heaters  will  be  required  to 
boost  the  temperature  of  gas  entering  the  driver  in  the  winter  and  to  more 
closely  control  the  discharge  temperature  of  the  vaporizers.  A  combination 
of  air  vaporizers  and  trim  heaters  is  normally  more  economical  than  forced 
convection  air  vaporizers  equipped  with  electric  defrost. 
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FiLL  STORAGE  VAPORIZERS  PUMP  HOUSE 
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Figure  7-| 


LIQUID  NITROGEN  SYSTEM 
SCHEMATIC  DIAGRAM 


SECTION  8 

CONCLUSIONS  AND  RECOMMENDATIONS 


8 . 1  GENERAL 

The  2.44-meter  shock  tube  at  BRL  can  be  modified  to  serve  as  a  Large 
Scale  Test  Bed  for  LB/TS  research.  Although  significant  costs  are  in¬ 
volved,  modification  of  the  existing  facility  has  several  advantages  over 
an  entirely  new  facility.  These  advantages  are: 

a.  The  existing  reaction  foundation,  a  major  element  of  the  facil¬ 
ity,  can  be  reused  "as  is". 

b.  The  existing  expansion  section  can  be  reused  with  only  minor 
alterations. 

c.  Personnel  protection  is  available  in  the  existing  Control  Build¬ 
ing.  Diaphragm  rupture  can  be  controlled  from  existing  equipment  in 
this  building.  Controls  for  nitrogen  pressurization,  tube  heating, 
tube  ventilation,  and  nozzle  cooling  can  be  added  within  this  build- 
ing. 


d.  The  existing  Diaphragm  Change  Building  can  be  used  for  shop 
operations  during  Test  Bed  experiments. 

e.  Existing  electrical  power  is  adequate  for  heating  and  charging 
the  new  driver, 

f.  No  additional  real  estate  is  required. 

g.  Compliance  with  environmental  regulations  will  be  simplified. 

h.  The  existing  facility  is  located  in  relative  proximity  to  admin¬ 
istrative  support  offices. 
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8.2  CONSTRUCTION  COSTS 

The  ultimate  disposition  of  the  BRL  Shock  Tube  Facility  is  unknown. 
Consequently,  an  optimum  concept  for  its  temporary  conversion  to  LB/TS  Test 
Bed  usage  cannot  be  determined  with  certainty.  Costs  of  two  methods  (I  and 
VI)  for  its  modification  were  derived  so  the  value  of  keeping  the  existing 
tube  intact  could  be  assessed.  These  costs  are  summarized  in  Table  8-1; 
the  total  procurement /construction  was  estimated  to  be.  about  $1.1  million. 
Method  VI  will  cost  about  $32,000  less  than  Method  I. 


TABLE  8-1 

COST  ESTIMATE  FOR  INSTALLING  HIGH  PRESSURE  DRIVER 


MAJOR  COST  ELEMENT 
NEW  DRIVER  INSTALLATION 

TUBE  &  FLANGE 
HEATING  SYSTEM 
INSULATION  SYSTEM 
TUBE  COOLING  SYSTEM 
VALVE/DIAPHRAGM  COOLING 
ANCHOR  SYSTEM 
3  FT  TUBE  SUPPORTS 
3  FT  GROUND  SUPPORT 
8  FT  GROUND  SUPPORT 
REACTION  BLOCK  REPAIR 
3  FT  TUBE  INSTALLATION 
WEATHER  COVER 

SUBTOTAL 

15%  CONTINGENCY 
TOTAL 

NITROGEN  SYSTEM 

15%  CONTINGENCY 
TOTAL 


METHOD 

METHOD 

I 

VI 

$  94,600 

$  94,600 

50,000 

50,000 

37,000 

37,000 

10,200 

10,200 

10,000 

10,000 

37,800 

49,500 

21,000 

19,600 

— 

5,250 

5,250 

— 

18,320 

18,320 

110,000 

48,000 

24,300 

$394,170 

$366,770 

59,126 

55,016 

$453,926 

$421,78  6 

$106,000 

$106,000 

15,900 

15,900 

$121,900 

$121,900 

$  50,000 
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15%  CONTINGENCY 
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SUBTOTAL 

15%  CONTINGENCY 
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Detailed  cost  breakdowns  are  included  as  Appendix  C. 

8.3  CONSTRUCTION  SCHEDULE 

Figures  8-1  and  8-2  show  construction  schedules  for  Method  I  and 
Method  VI,  respectively.  They  indicate  a  conventional  construction  period 
of  about  ten  months,  regardless  of  the  method  pursued.  Through  closely 
controlled  construction  management,  these  schedules  may  be  foreshortened  to 
about  eight  months. 

Engineering  design,  construction  advertisement,  or  contractual  pro¬ 
cedures  are  not  included  in  construction  schedules. 

8 . 4  RECOMMENDATIONS 

a.  The  BRL  2.44-meter  shock  tube  should  be  modified  as  outlined  in 
previous  sections  for  Method  VI  and  as  shown  on  Figure  8-3.  Access¬ 
ibility  of  heating  elements  and  lower  initial  costs  are  the  primary 
advantages  of  this  method.  Method  I  can  be  used  in  lieu  of  Method  6 
if  construction  expediency  evolves  as  the  primary  selection  factor. 

b.  A  plan  should  be  developed  for  thorough  measurement  of  stress 
levels  in  the  new  driver. 

c.  The  procurement/construction  program  should  include  allowances 
for  contingencies  which  develop  from  early  test  results,  i.e^: 

(1)  The  quick  valve  does  (or  does  not)  shape  waves  by  sequential 
closing  of  its  ports. 

(2)  The  quick  valve  does  (or  does  not)  permit  formation  of  a 
steep  shock  front  when  it  opens. 

Purchase  of  the  double-diaphragm  section  and  diaphragms  could  be 
postponed  or  avoided  entirely,  depending  upon  results  of  quick  valve  test¬ 
ing. 
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METHOD  I  -  CONSTRUCTION  SCHEDULE 


Figure  Q-! 


CZZD  SHOP  DRAWING  PREPARATION  AND  REVIEW  INSTALL/CONSTRUCT/INSPECT 

LEGEND:  ZZ2  FABRICATE/MANUFACTURE/DELIVERY 


METHOD  in  -  CONSTRUCTION  SCHEDULE 


Figure  8-2 
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COMPUTATION  OF  LONGITUDINAL  DYNAMIC  EFFECTS 
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Now,  evaluate  the  effect  of  the  most  prominent  coefficients  by  setting 
others  equal  to  zero.  The  prominent,  ones  are  0,1,  and  7. 
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Now  take  inverse  FFT  to  regenerate  curve 
z  i  =  i  f f t (c> 
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Shift  sampling  interval  14  time  steps  to  the  left,  to  the  start  of 
transients.  This  will  give  an  indication  if  the  spectral  response 
changed. 
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The  low  value  o-f  the  2nd  harmonic  (3rd  coefficient)  in  both  of  the 
samples  indicates  that  there  is  no  significant  effect  even  during  the 
initial  transients. 


B-9 


APPENDIX  C 


COST  ESTIMATE  WORK  SHEETS 


CONSTRUCTION  COST  ESTIMATE 

GATE  WNEWANCD 

SHEET  or 

wwojCCT 

BASIS  NON  ESTIMATE 

n  CQOC  A  ftVo  dmai09  mmpdmtmD 
[~1  CQOC  S  (Prmiiminmrf  dmmign) 

n  coot  C  (Fin mi  dmmigni 

n  OTWEN  (Spmcity) 

location 

anchitect  engines n 

BLACK.  &  VEATCH 

ON  AWING  NO. 

ESTIMATOR 

CHECKED  BY 

QUANTITY 

wmm. 

TOTAL 

COST 

NO. 

UNITS 

UNIT 

MCAL 

MEN 

UNIT 

f^erTov  I 

WEN 

UNIT 

VI 

T ^  ^5  tT*  ^  Jr* L 

t ^ 

6o-t> 

/Vfc"AT7  AJG  $  V  5 

sr>  oo  o 

Si)  oo  o 

XM$OLAnflM  svstvm 

“I'D  60  C> 

~S~9  60-0 

TUfrVf  C0t>L>u(#  ?yS7 VM 

!  tjfoo 

J&5TOO 

1/Aj.v/t'  /D'APd  foo*-, ajC. 

u 

ICO  2  OO 

Cs 

jO  2a  O 

A^Clrvrt  SySn-~M 

f' 

37  5-0  c? 

ts 

3  rr  tout  s 'oeroit-r^ 

r 

2  i  oo-o 

Is 

l4  (too 

3 FT  TU5l-  6£<soot?  SOtnrtT 

5 

— 

S’HTO 

S'Prrv^iT  Gfou oo  $v  recurs 

5~2ST> 

« - 

farAeno'O  ^ LOCK  tfcPAK. 

Is 

iT'Z^o 

*S 

f  t?  2-C? 

3 rr  T^ite  jJo*$r»tt.A77flJ 

- 

)  l  0,000 

1/ 

H^oo-O 

lOE-Aruen  coKjem. 

— 

L 

So?*  id  rvrc- 

39H  no 

1U770 

/S~?<  <?*/077AJ(,fc7JcV 

SS~6U 

"To 

vry*-*n> 

*/z  it?£L 

/ 

\ 

| 

1  ! 

1 

1 

!  1 

! 

1 

! 

!  ! 

1 

i  i 

C-l 


CONSTRUCTION  COST  ESTIMATE 

OAT*  RW«WAR*0  | 

SHEET  Of 

*WOJCCT 

9ASIS  rOM  ESTIMATE 

□  COO*  A  (No  dm»t0%  o» mm4mt+d) 

P  COO*  •  (Prmitminmrr  foot  an) 
n  COO*  C  (flnmi  dmmim %) 

Q  OTNCR  (Sfdtr) 

LOCATION 

A*CWIT*CT  IHGIHCCW 

BLACK.  £•  VEATCH 

DRAWING  MO* 

*STl*ATOW 

CHECKED  9Y 

QUANTITY 

V.ASOM 

MATERIAL 

TOT  AC 

COST 

MO. 

UMiTS 

UNIT 

MCA1 

MR 

UNIT 

TOTAC 

W*N 

UNIT 

TOT  AC 

*2. 

4. -5 

/  ^<M3 

!?aro 

bicThu  JLoilOi*)Cj  2<>oPT 

I 

0 

P/  Pi  rtC  5 V  l  "  2  r*JA)L&  5 

A5 

/  60-0 

S"3-0 

Scu,n3  */  o  jxjsulattd 

P'P/ajc,  ?©o  '  3#.  S7Ai*Jtr?i 

lS 

"3  <^E? — C5 

"2-& os 

^Ci4€TJ  /  (,  0 

/3<?ojnrR  HtrATttt 

c? 

$-2>0T> 

(T3o-$ 

Mm.*  op 

v  /.  r" 

v/iT 

$T 

/  <5  5*^7  S'" 

UStT 

/o&f&o-o 

\  }  OC  jO-4  0 

}•$*{  nn&nDcy 

1  )  *r 

/ 

1 

l 

i 

1 

i 

I 

1 

I 

\ 

! 

i  1 

1 

! 

i 

ill' 

C-2 


CONSTRUCTION  COST  ESTIMATE 

0 ATE  BREBAAeO 

SHEET  0* 

BBOJECT 

BASIS  rOH  C5TIMATC 

Q  5001  A  <7Vo  d*«t|n 

P  COO*  S  (Prwlimm^rr  <*•«! gnJ 

Q  COO*  C  (FfnW  dttigfj 

Q  otm*i  f5p*<u/r> 

LOCATION 

ABCHITECT  CNGtNECB 

BLACK.  Sr  VEATCH 

ORAVtMa  NO. 

ESTIMATOR 

CHECXEO  BY 

SUIAMAJKV 

CUANTITY 

LABOR 

material 

TOTAL 

COST 

NO. 

UNIT* 

UNIT 

MIAS. 

B*A 

UNIT 

TOT  A^ 

r*r 

UNIT 

TOT  A*. 

&Otn<  \f*L.\/<c 

D&ic-LoPCMttf  r 

/  p#->ro  yypif 

<L*> 

3 

o—o 

VAivtr  s-VrM  r 

*3<?rr-o 

TOAVStT)^'  Td’  tpr 

‘frfro—o 

5oP>Tot#-u 

4 iSZ>  PO-O 

!tT%  (U>  aj  tv  u  1 1 7oc  y 

6  y  ^/fr-o 

-| — - — 

Tc.  7^4  t 

S2-**  «to 

1 

1 

- 

1  i 

i 

— 

i  ! 

1  1  ! 

i 

!  1 

1 

1  ! 

| 

1 

1 

!  1  ! 

t 

j 

!  ..  1  i 

i 

1 

i  1  ~n 

CONSTRUCTION  COST  ESTIMATE 

GATE  RRCRAREO  | 

SHEET  OE 

MOJECT 

BASIS  KOR  ESTIMATE 

p  COOC  a  (Wa  d+at&*  <mmp4mf4) 

COOC  ft  (Prm4imin*rf 

n  coot  C  (Flnmi  c i ••!#!> 

Q  OTHCR  (Spmctty) 

LOCATION 

architect  cnojnce* 

BLACK.  It  VEATCH 

DRAWING  NO. 

ESTIMATOR 

CHECKED  BY 

CVJANT1TY 

LAEOR 

MATERIAL 

TOTAL 

COST 

NO. 

UNITS 

UNIT 

W<il 

NCR 

UNIT 

TOTAU 

AC* 

UNIT 

TOTAL 

V(ApA  y\Ouu  T 

2yVtro 

To-os 

2  O&'T’o  TAi 

32 

- 

)r%  fotiTrUGeKiev 

<r&  o 

~J~OTTrt- 

322J-° 

¥ 

1  i  l 

1 

! 

i 

i 

1  l 

1 

1 

1 

I 

i 

i  I 

_ ! _ 

1 

1  ! 

C-4 


CONSTRUCTION  COST  ESTIMATE 

DATE  PREPARED 

SHEET  OR 

PROJECT 

BASIS  EOR  ESTIMATE 

□  coot  A  flV(3  C oom 
!  1  COOC  •  (Pr+itmtnmrr  dp*i0\) 

i  1  COO*  C  (FinmJ  f 

□  other  (Spppify) 

LOCATION 

ARCHITECT  ENGINEER 

DRAWING  NO*  (  y 

oA  1  *4  i/? 

ESTIMATOR 

CHECKED  8 Y 

SUMMARY 

CUAHTITY 

LABOR 

MATERIAL 

NO. 

UNITS 

UNIT 

MCAS. 

NCR 

UNIT 

TOT  AC 

P*R 

UNIT 

total 

total 

COST 

fcV  1 

Dr-iJef  Tube, 

■  '  i^T 

3  V  A- 

bi^L  f?re‘5‘5nr& 

Primer  7w.ke  Ira  7 

7  tfstrO 

L/S 

"PVfrrr-^ 

2&oo 

3 

600  0 

,FlMJ  G>(f 

U-OO-C 

LU 

(o  O  0  o 

- - - 

Vo.  ooo 

Y  l.  ID 

oon 

J 

1 

\  » 

— 

C-5 


CONSTRUCTION  COST  ESTIMATE 

OATS  **E*A*EO 

SHEET  0^ 

HNOJECT 

8ASIS  non  CSTIMAte 

r"l  COOC  A  (Wj  tfejipt  cD*vpJ«f«4) 

P  COOE  *  (Pr+Jimtnmrr  NtigiJ 

Q  coot  c  fninw  <**•*#*) 

n  OTMW  (Spmattr) 

LOCATION 

auchitect  ENGINES* 

BLAC<  If  VEATCH 

on  AWING  NO.  ✓ 

Mzr/ho  i  +  &> 

estinato* 

CHCCXEO  8 Y 

QUANTITY 

LA8C* 

MATERIAL 

TOTAL 

COST 

-  5UMNAMV 

NO. 

UNITS 

unit 

MIAS. 

w*n 

UNIT 

TOTAL 

A** 

UNIT 

total 

sou  a  n  9<o  S'y?rt~A^ 

/x"  I^SulAv t*l 

/3^o 

Pra 

pcOn 

S¥</0 

/7.<rt> 

A 'fA/l*  S 

y  h'S' 

y/,2  s 

$~l  c  o 

2  f"?£-0 

17/  £0 

“3  Ty 

/t/^»77AJ^  TySTt-M 

3  o  k.  fco  o  F  4-t*htk 

Vo 

L> 

?r 

2+0 

p+&-o 

3,  o  j<  io  ©  P  ^t*)/rr*ceP4< 

4 

3o 

;st> 

4S&-0 

2d& 

(,  L J  f>  0 

* 

JTWrK.  4-  Ca^TYl 

<2o  Poi& rn 

2  o 

?T 

3^ 

A  ^ 

hAk&vC .  v  f3 

y 

/•  5" 

\/r.  -2  1 

t2r>  2 

3  p 

$"(5,  2  r-e 

|  y 

r 

1 

S3?,  -hfr-p 

1 

T\)?>£  CO€>u<fJ& 

1 

Qlscoirrl 

L; 

/srra 

i  i 

72>LtUO  FlAajG>  ir~ 

L' 5 

St 5 

!  //  <rt> 

1  1 

1 

lx  /-s'  1 

!  y  >•  7  s-“ 

i  - 

| 

i  1 

1  *2  32  7 

1  ?Cz  tr  1  99  a~2. 

i  r 

!  1 

1  1  ! 

i  9  ^<T“  /Op0~0 

i  i  i 

_ ! _ 

i  1 

I  i  f 

CONSTRUCTION  COST  ESTIMATE 

0 ATE  PREPARED 

SHEET  OP 

PROJECT 

BASIS  POR  ESTIMATE 

("1  COOC  A  (Wo  dssrgri  aampi+t+d) 

!  1  COOC  •  (Pr+iimintry 

(  I  COOC  C  (Pinml  dmmi0t) 

□  OTMCR  (Spmcity) 

LOCATION 

ARCHITECT  ENGINEER 

OR  AWING  MO.  , 

A  f Ucd  /  *+  <S> 

ESTIMATOR 

CHECKED  BY 

SUMMARY 

QUANTITY 

LABOR 

MATERIAL. 

TOTAL 

COST 

NO. 

UNITS 

UNIT 

MK  AS. 

PER 

UNIT 

TOTAL 

PCR 

UNIT 

total 

\A^/p/Aef4  £oolirtto 

■Z'f f?-vM  -  

-  iJ  — 

cC/e^e-A  

/ 

1  7CrO 

l>7<9-0 

Al  -a.  p 

V  \,Z> 

x'  /  ,Z^> 

(/ 

55SlO 

l/lzs 

m  / 1£> 

D?CUJ\ 

- - 

ID, 'LOO 

1 

i 

1 

C-7 


CONSTRUCTION  COST  ESTIMATE 

QATE  PREPARED 

SHEET  OP 

PROJECT 

BASIS  POR  ESTIMATE 

i  ~1  CODE  *  f/Vo  d««r^n  ao<Rp/«r*4) 

!  1  COOK  s  (Prmiiminmry  dmmign) 

(  I  COOt  C  (Finmi  d««4jn> 

Q  other  (Spmcitr) 

LOCATION 

ARCHITECT  ENGINEER 

□  RAWING  NO.  . 

MeMjcA  1 

ESTIMATOR 

CHECKED  BY 

suiiii  lav 

OUAMT1TY 

LABOR 

MATERIAL 

NO. 

UNITS 

UNIT 

ME  AS. 

PER 

UNIT 

total 

PER 

UNIT 

TOTAL 

TOTAL 

COST 

r 

/ 

5A 

IL/bOO 

y 

.^rmW  /T*"  &2*w)\/6ble 

/ 

EL 

450 

^.600 

l^/aisVLtys.   ...  .  . 

^vf  1  «/vv 

/ 

loop  | 

/doo 

<Et\  rv  \tx.c\p^ 

)  J 

353.2 

25.502 

M<\r\c -(*.■£?*> 

y  /3 

x  1  .*z£ 

J 

5925 

31575 

37, 

! 

1 

C  -8 


CONSTRUCTION  COST  ESTIMATE 

DATE  PREPARED 

SHEET  OP 

PROJECT 

BASIS  FOR  ESTIMATE 

1  i  COOK  A  flVo  rf*«fgn  compieted) 
f~l  COOK  •  (Preii  miner?  deeign) 
i_J  COO*  C  (Finmi  de?i0%) 

□  other  (Specify) 

LOCATION 

ARCHITECT  ENGINEER 

ON  AWING  NO, 

flrfes-tk&d  (s> 

ESTIMATOR 

CHECKED  BY 

SUliMARV 

QUANTITY 

LABOR 

MATERIAL 

total 

COST 

NO. 

UNITS 

UNIT 

MC  AS. 

W«N 

UNIT 

TOTAL 

NCR 

UNIT 

total 

An-cUar 

Add  i4 1  cm  ~th  Keasbo* t 

Pier  - 

<^>^cre4e 

££> 

ioo~ 

3300 

10.Q  ~~ 

5 5-f L ....  

3,S 

T^i 

CO 

too' “1 

\9C0 

00 

\$00- 

....  ‘Pioo 

Thrust  <£  Ocellar  &Mh 

( 

<3 

HOO 

*  1 

II 000 

CekoM/t-A  ia.c\ 

1 

65 

£3<? 

7330 

ZO.qcbo 

*1.26 

lOMZ 

. 3*?.  Lp%% 

43633 

1 

4^.600 

- .  ^ - 

1 

1 

C-9 


CONSTRUCTION  COST  ESTIMATE 

)ATE  PREPARED 

SWEET  0* 

PROJECT 

BASIS  rOR  ESTIMATE 

PH  COOC  a  (Wo  rfaalgn  oxnpi«(t<t) 

H!  COOC  •  (Prmtimtnmrr  dm»i gn> 

r*!  COOC  C  OfnW  daaign) 

rn  otmcr  rsp*cjfr> 

LOCATION 

ARCHITECT  ENGINEER 

ON  AWING  NO.  . 

/Vle^iino  cl  f 

ESTIMATOR  ( 

:meck*o  3 y 

QUANTITY 

LAIOR 

material 

TOTAL 

COST 

_ _ -  SUMMARY 

NO. 

UNITS 

UNIT. 

4CAS. 

RCR 

UNIT 

total 

PCR 

UNIT 

total 

3^  Tube.  3u?Por Ts 

r  -frr  rzr  1  if 

<>Off')yri  Thoc  krs  . 

/ 

^5 

^0  6 

/C/2oa 

/ 

- 

/iyj/5.  -  is\  o 

x  l-6> 

Y  I-Z6- 

CdO 

2<0  2.6TO 

'ZQ.Xsr^ 

*SuAj\ 

! 

1 

L 

c-io 


CONSTRUCTiON  COST  ESTIMATE 

OATE  PREPARCO  “‘JJL 

SHEET  OP 

PROJECT 

OASIS  FOR  ESTIMATE 

\  1  CCOC  A  f/Vo  tfmmt gn 

n  CODE  •  fPr#/iw»#fv«rr 

□  COOC  C  (fin»i  dmvijn) 

(  1  OTHER  (Sp*dty) 

LOCATION 

ARCHITECT  ENGINEER 

BLACK  &  YEATCH 

ON  AWING  NO. 

M^774c?0  /  4~  C 

estimator 

CHECKEO  BY 

4UUUAWV 

QUANTITY 

labor 

MATERIAL 

total 

COST 

NO. 

UNITS 

UNIT 

MIAS. 

PER 

UNIT 

total 

PER 

UNIT 

total 

tZej^<Oi\cn\  Pi'e-r 

l 

.  ir 

BkbricUkJ  6iL  Pt^e. 

Lb 

fO 

o  — 

/*! 

-  ?Z£<9 

?/*"*<,"  e*r 

iMO 

Lb 

7V 

Q* 

37<9 

bzrouu' 

Of 

0* 

lit 

3/&  "  UUi 

u=- 

JO* 

o- 

bb 

-2  flAV-ri\AC\  <UL(\  lAHt(  \" 

LF 

qo 

r — 

£2 

ozJ- 

 .  .  /3 

J 

J3-KO !  <9v\  Bo  1  i~-5  P& 

£A 

oo 

7 

o* 

. /Z. 

t 

V<"F;lU+ fJe\r\ 

OF 

F 

IZV 

( J» 

* 

((o 

Mb i* 

z6~ 

‘loo 

\ 

<BpoU\  B'Tck.B-  S 

Up 

Mbi 

n* 

Flo 

: .  zoo 

3 

i 

^7/£>i Be  Bp  lA'V^eAA”1-" 

( 

/£00 

t 

/ 

Z6Z" 7 

//,$<?3 

«  -  - 

f'/l^rU  uo  5 

X  1  ^  b 

x  /  <  Z  £ 

1 

3^4  1 

 Hbl7. 

ff.3Z.O 

i 

EXCFORU  15Q 

c-ii 


CONSTRUCTION  COST  ESTIMATE  ' 

)ATE  RRCRAREO 

SHEET  0^ 

RROJtCT  j 

SAiiS  FOR  estimate 

coo*  a  f/Vo  (Ncifn 
pi  COO*  W  (Pr+itmtnmry  MtlfU 

n  COO*  C  frinW  tfMlgni 

Q  OTW*R 

LOCATION 

AHCH4TECT  ENGINEER 

BLACK  &■  VEATCH 

OR  awing  NO.  . 

rrteAUod  / 

ESTIMATOR 

CHCCKEO  •  Y 

OUAMTITY 

LAROR 

MATERIAL 

total 

COST 

1UUMARV 

NO. 

UNITS 

UNIT 

i<Al 

MR 

UNIT 

TOTAL 

A*R 

UNIT 

total 

7 7+be.  AJ/z<aJ  *Su.(? 

?orf<, 

i. 

F=oiAsA<Lcc\'iCrv\S 

gWV 

Lr 

(^.gy^Crefe,  (Xv\  Placed 

1  z 

cr 

70  8  5S52S'I 

9  Co 

■Zti*  (Zx\  1 

3  In 

L? 

^oo 

7 

igo 

y<22- 

t^N 

r?  J->  ill 

nZ  X.Ca.  i icZVi <<Tvi  —  rtzwia 

yz 

us 1 

IS 

PA 

jnSL 

(So 

lrcK<zU- 

i 

3£  © 

11  3  C.a-Mp<KZ, f~  . 

3° 

C( 

jk!L 

57>  3 

*2  5Tf  9 

1 1  oH 

Zl/f  C4  Y  -  tA  O 

*  |,6> 

y  l  ,z£ 

- ! 

3S‘?9  l. 

/3  Qo 

S27?  . 

1 

1 

1  1  on  £ r 

sa  :rz> 

I 

1  i 

i 

i  ! 

1 

1 

1 

! 

i 

F 

1  1 

1 

1  1  1  1  i 

1 

I 

1  1 

l  it  !  . .  ! 

C-12 


CONSTRUCTION  COST  ESTIMATE 

OATE  PREPARED 

SHEET  OR 

PROJECT 

BASIS  ROR  ESTIMATE 

i  )  COO  E  A  (Wo  tfcarjn  oMnp/«(t<) 

!  \  COOE  S  (PraJimlrury  <4«*ign> 

i  1  COOf  C  (Finmt  dmmi0 1> 

Q  OTHER  (Spmcity) 

LOCATION 

ARCHITECT  ENGINEER 

OR  AWING  NO* 

MvHloA  1 

ESTIMATOR 

CHECKED  BY 

-  SUIUIA  *Y 

QUANTITY 

LABOR 

MATERIAL 

TOTAL 

COST 

NO. 

UNITS 

UNIT 

MR  AS. 

PER 

UNIT 

TOTAL 

PER 

UNIT 

TOTAL. 

3' <f>  lube,  -Z7? 

cm 

DMA 1  OCcA  Tu  y  e,  DL  &A. 

( 

&A 

rzeo 

^idii Aft.  *uaA  Truck 

fb  -5"!fe  ......  .  ... 

%  )  O  io ’t  ¥  h  Oi-i 

1 

ft}  OlT-tl 

7-Oyo0'O 

~ThacK 

) 

LS 

y  7  o-o 

}  2.  7T& 

ZWHI  U)\sac  a  A 

.UCl 

m 

i6.0P 

^.600 

£l\1\  A)eoJ  3/<^  Dr'ivje'C. 

t  4  v». ,*f , O  ('0  5  i  "f  i  CM 

J/  p  •  A  ovi  ne-cA  1  £M5 

1 

L.6, 

*3000 

££CO 

<f  J 

£Heu~t r » ca-1  nntt  lOvtS 

! 

4-5 

<d60O 

tZOCXD 

7 r'^oL  (2-e^C'^l  

( 

tJli 

l$O0 

IMOO. 

*2- 

Mi 

3  ooo> 

-  (ePOO 

'll.  Moo 

SST2ST> 

1  1  / 

) 

x  1 .  b 

/  1 . 2  6 

1 . 

H 1  too 

TTdZz 

llo/t.'l 

/  /  O.frpt? 

C-13 


CONSTRUCTION  COST  ESTIMATE 

DATE  PREPARED 

SHEET  OR 

RRO  JCCT 

oasis  r* 

r~ 

3R  ESTIMATE 

3  COOK  A  (Wo  d««fgn  oomp/«i«<0 

30C  •  f J*r«4imin«rr  d««4gnj 

3  COOC  C  (Final  dm*,*,} 

THEN  (S  pm  city) 

LOCATION 

□  c< 
f 

ARCHITECT  ENGINEER 

U- 

a  <»• 

DRAWING  NO. 

/VI  efivoci  (o 

ESTIMATOR 

CHECKED  BY 

_  -  _  _  ^11 UU  A  ■  V 

QUANTITY 

LA  WON 

material 

TOTAL 

COST 

NO. 

UNITS 

UNIT 

MCA*. 

NEN 

UNIT 

TOTAL 

REN 

UNIT 

TOTAL 

3  '  4>  TiA-h e  ^M.p^(?r'""5 

- w - - 

^trvic-T  $T., 

%o 

Jin 

oO 

too- 

.  oO 

./fad 

 13.500 

/lA^.  V  U  -M, 

*  \<5o 

X  l<1$ 

'2-100 

JO.%13 

/  <7 ,  4  7  6 

- -3 - 

ll.LOO 

1 

! 

i 

1 

C  -14 


CONSTRUCTION  COST  ESTIMATE 

O ATE  ANEHAHEO 

SHEET  Of 

hwoject 

BASIS  rOH  ESTIMATE 

1  I  COOC  A  (No  dmatgrt  mmpimtod) 

□  COOC  •  (Pr+itmtnmrr  domi0ti 

PI  COOC  C  <P\nmi  iNlftj 

Q  OTMCN  (Spmeity) 

LOCATION 

ARCHITECT  ENGIN CEH 

BLACK  &  VEATCH 

CHAWING  NO. 

toe/ 

UTIMATOH 

CHECKED  BY 

■  -  SUIIMA^y 

QUANTITY 

LACOH 

MATCH!  AL 

TOTAL 

COST 

NO. 

UNIT* 

UNIT 

MCA*. 

PCH 

UNIT 

TOTAL 

WEN 

UNIT 

TOTAL 

pot^s 

4 

F'otAsA<L&z i  i  cm rS 

(^CMC.re"' 

S.  ( ^v\  f^laceb) 

/  2. 

cr 

7©  8 

9  Co 

, 

3fe 

^OQ 

-zir 

ISO 

/2£- 

L  /4V 

yz 

CCS 

£-e*viC'je-  77 '-es 

/£ 

£4 

l$o 

L 'Ze*vio  1/  £  7r<si 

/ 

Z-5 

3  £  © 

r3-9- 

57>3 

i  (T 

-25-99 

/  /  oH 

Mark  -  u  o 

X  |,£ 

y  l , 

11 

3  S’?  91  !  n  So 

J2  7Y 

1 

i  1 

u^tT 

5"1  ST) 

1 

1 

i 

1 - 

! 

l  I  i 

I 

i 

( 

I 

! 

1  i 

( 

! 

i 

i 

I 

i  i 

J 


C-15 


CONSTRUCTION  COST  ESTIMATE 

DATE  PREPARED 

SHEET  OP 

RR ojcct 

BASIS  rOR  ESTIMATE  f 

1  1  COOl  A  flVo  <f««tgrt 

I  ‘  1  COOK  •  rPr«iiin>n«iT  de«lgri> 

□  COOK  C  rrinW  <*••!*») 

□  OTMKR  fSp#cify> 

LOCATION 

ARCHITECT  ENGINEER 

DRAWING  NO. 

Me'i'Uock  Co 

ESTIMATOR 

CHECKED  BY 

SUMMARY 

QUANTITY 

LABOR 

material 

NO. 

UNITS 

UNIT 

MCAS. 

NCR 

UNIT 

totau 

R  KR 

UNIT 

TOTAU 

TOTAL 

COST 

3  4>  'Juke  JZ^7  /(sP'f  i 

... 

^TvvS'frM.e.'-  LawJouoh 

1000 

f.'i 

!6o 

400 

u 

^££hoA  7u!?&-  £L£JL 

L 

1  7^00 

7^-0.^  iiL 

fe  ^lia 

TgAU  AA  7A-e 

ze 

<L.r 

JAlL 

4oO 

i 

Unicoi'  <S'/ ^  Driuer" 

/ 

£4 

400 

“frowi  Ke^ cf ton  Pi e V" 

Rei/vt^ue.  S’5/  1$e.eti<7y\ 

15 

MW- 

15- 

7.450 

&£  7  11 

j 

<Proy^e,  1 

7- 

4^5 

- SC 

oooo 

Tre^Aor  Tr^i  le.r 

■  /  ■ 

i!L 

ieco 

■Argyll  ^'4>  7 

(QO 

Af*4 

2S22- 

2500 

f^/n<no^  4lrrv\  n ep (  6*v\ -5 

t 

L$ 

Sooo 

. .  $OCO 

£^7 S.csfy-  i  C-C.!  bovine  (g-'ficJVI* 

: L 

5 600 

5000 

1 7,  /OO 

17.700 

/VUvig-tAp 

X  1,60 

X  1  .Z6> 

j 

25.450 

72,515 

47 .075 

1  1  y  ■ 

47,000 


C-16 


CONSTRUCTION  COST  ESTIMATE 

OATE  PREPARED 

SHEET  OP 

PROJECT 

BASIS  FOR  ESTIMATE 

i  1  COOK  a  (Pt\>  dm*t0 n  co«ip/«r*<t) 
f""T  COOK  •  (PrwiiminMrr  dmmign) 

\  ~1  COOK  C  (Finmi  dmmif n) 

□  OTHCR  ('Specify) 

LOCATION 

ARCHITECT  ENGINEER 

OR  AWING  NO. 

tV\  c 1  Ce 

ESTIMATOR 

CHECKED  BY 

SUMMiHY 

QUANTITY 

LABOR 

MATERIAL 

NO. 

UNIT* 

UNIT 

MCA*. 

w«R 

UNIT 

total 

PKR 

UNIT 

TOTAL 

total 

COST 

/Vea'f  A  e  r  tie  r 

fre.~eMcy  iiAe-ertzA- 

/l/k-Ll  J&Ua  ftyl 

f~ ir\d.7uJt 

l5iee.l  ^\Xl\Ac^t  Tr'nM  ^ 

f~pu^\A  «<-'f  fC*v\   .   . 

1<K00 

1?f 

'Z.IOO 

„  6£_ 

.17Z-. 

/&.ZOO 

/VlarL-Up 

x.  \.Z 

X  1 .  Z  $ 

y 

do  60 

-2O.Z40 

3o£ 

I 

C-17 


DISTRIBUTION  LIST 


No .  of 
Copies 

12 


1 

1 

1 


2 


1 

1 

1 


Organization 


No.  of 

Copies  Organization 


Administrator 

Defense  Technical  Information 
Center 

ATTN:  DTIC-FDAC 

Cameron  Station,  Bldg  5 
Alexandria,  V A  22304-6145 

Director  of  Defense 

Research  &  Engineering 
ATTN:  DD/TWP 

Washington,  DC  20301 

Asst,  to  the  Secretary  of 
Defense  (Atomic  Energy) 

ATTN:  Document  Control 

Washington,  DC  20301 

Director 

Defense  Advanced  Research 
Projects  Agency 
ATTN:  Tech  Lib 

1400  Wilson  Boulevard 
Arlington,  VA  22209 

Director 

Federal  Emergency  Management 
Agency 

ATTN:  D.  A.  Bettge 

Technical  Library 
Washington,  DC  20472 

Director 

Defense  Intelligence  Agency 
ATTN:  DT-2/Wpns  &  Sys  Div 

Washington,  DC  20301 

Director 

National  Security  Agency 
ATTN:  E.  F.  Butala,  R15 
Ft.  George  G.  Meade,  MD  20755 

Director 

Joint  Strategic  Target 
Planning  Staff  JCS 
Offut  AFB 
Omaha,  NB  68113 


9  Director 

Defense  Nuclear  Agency 
ATTN:  DDST 

TIPL/Tech  Lib 
SPSS/K .  Goering 
SPTD/T .  Kennedy 
SPAS/P. R.  Rohr 
G.  Ullrich 

STSP/COL  Kovel 

NATD 

NATA 

Washington,  DC  20305 

2  Commander 

Field  Command 
Defense  Nuclear  Agency 
ATTN:  FCPR 

FCTM0F 

Kirtland  AFB,  NM  87115' 

1  Commander 

Field  Command,  DNA 
Livermore  Branch 
ATTN:  FCPRL 

P.0.  Box  808 
Livermore,  CA  94550 

1  HQDA  (DAMA-ART-M) 

Washington,  DC  20310 

10  C.I.A. 

OIR/DB/Standard 
GE47  HQ 

Washington,  D.C.  20505 

1  Program  Manager 

US  Army  BMD  Program  Office 
ATTN:  John  Shea 

5001  Eisenhower  Avenue 
Alexandria,  VA  22333 

2  Commander 

US  Army  BMD  Advanced 
Technology  Center 

ATTN:  CRDABH-X 

CRDABH-S 
P.0.  Box  1500 
Huntsville,  AL  35807 


DISTRIBUTION  LIST 


of 

ies  Organization 
Commander 

US  Army  BMD  Command 
ATTN:  BDMSC-TFN/N.J.  Hurst 
P.0.  Box  1500 
Huntsville,  AL  35807 

Commander 

US  Army  Engineer  Division 
ATTN:  HNDED-FD 

P.0.  Box  1500 
Huntsville,  AL  35807 

Deputy  Chief  of  Staff  for 
Operations  and  Plans 
ATTN:  Technical  Library 

Director  of  Chemical 
&  Nuc  Operations 
Department  of  the  Army 
Washington,  DC  20310 

Director 

US  Army  Engineer 
Waterways  Experiment  Station 
ATTN:  Technical  Library 

Jim  Watt 
Jim  Ingram 
P.O.  Box  631 

Vicksburg,  MS  39180-0631 
Commander 

US  Army  Materiel  Command 
ATTN:  AMCDRA-ST 

5001  Eisenhower  Avenue 
Alexandria,  VA  22333-0001 

Commander 

US  Army  Armament  Research, 
Development  and  Engineering 
Center 

ATTN:  SMCAR-MSI 

Dover,  NJ  07801-5001 

Commander 

US  Army  Armament  Research, 
Development  and  Engineering 
Center 

ATTN:  SMCAR-TDC 

Dover,  NJ  07801 


No.  of 

Copies  Organization 

1  U.S.  Array  Armament,  Munitions 
and  Chemical  Command 
ATTN:  AMSMC-IMP-L 
Rock  Island,  IL  61299-7300 

1  Commander 

US  AMCCOM  ARDEC  CCAC 
Benet  Weapons  Laboratory 
ATTN:  SMCAR-CCB-TL 
Watervliet,  NY  12189-4050 

1  Commander 

U.S.  Array  Aviation  Systems 
Command 

ATTN:  AMSAV-ES 
4300  Goodfellow  Blvd. 

St.  Louis,  MO  631 20— 1 798 

1  Director 

U.S.  Army  Aviation  Research  and 
Technology  Activity 
Ames  Research  Center 
Moffett  Field,  CA  94035-1099 

1  Commander 

US  Army  Communications  - 
Electronics  Command 
ATTN:  AMSEL-ED 
Fort  Monmouth,  NJ  07703-5301 

1  Commander 

US  Army  Communications  Rsch 
and  Development  Command 
ATTN:  DRSEL-ATDD 
Fort  Monmouth,  NJ  07703 

1  Commander 

CECOM  R&D  Technical  Library 
ATTN:  AMSEL-IM-L  (Reports 
Section)  B.2700 

Fort  Monmouth,  NJ  07703-5301 

2  Commander 

US  Army  Electronics  Research 
and  Development  Command 
ATTN:  DELEW-E,  W.  S.  McAfee 

DELSD-EI,  J.  Roma 
Fort  Monmouth,  NJ  07703-5301 


DISTRIBUTION  LIST 


No.  of  No.  of 

Copies  Organization  Copies  Organization 


1  Commander 

U.S.  Array  Development  and 
Employment 
.  Agency 
ATTN:  MODE-ORO 
Fort  Lewis,  WA  98433-5000 

1  Commandant 

Interservice  Nuclear  Weapons 
School 

ATTN:  Technical  Library 

Kirtland  AFB,  NM  87115 

1  Chief  of  Naval  Material 
ATTN:  MAT  0323 
Department  of  the  Navy 
Arlington,  VA  22217 

2  Chief  of  Naval  Operations 

ATTN:  OP-03EG 

OP-985F 

Department  of  the  Navy 
Washington,  DC  20350 

1  Chief  of  Naval  Research 
ATTN:  N.  Perrone 

Department  of  the  Navy 
Arlington,  VA  22217 

1  Director 

Strategic  Systems  Projects  Ofc 
ATTN:  NSP-43,  Tech  Library 
Department  of  the  Navy 
Washington,  DC  20360 

1  Commander 

Naval  Electronic  Systems  Com 
ATTN:  PME  117-21A 

Washington,  DC  20360 

1  Commander 

Naval  Facilities  Engineering 
Command 

Washington,  DC  20360 


1  Commander 

*  Naval  Sea  Systems  Command 
ATTN:  Code  SEA-62R 

Department  of  the  Navy 
Washington,  DC  20362-5101 

3  Of ficer-in~Charge (Code  L31) 

Civil  Engineering  Laboratory 
Naval  Construction  Battalion 
Center 

ATTN:  Stan  Takahashi 

R.  J.  Odello 
Technical  Library 
Port  Huenerae,  CA  93041 

1  Commander 

David  W.  Taylor  Naval  Ship 

Research  &  Development  Command 
ATTN:  Lib  Div,  Code  522 

Bethesda,  MD  20084-5000 

1  Commander 

Naval  Surface  Weapons  Center 
ATTN:  DX-21,  Library  Br. 
Dahlgren,  VA  22448-5000 

2  Commander 

Naval  Surface  Weapons  Center 
ATTN:  Code  WA50lVNavy  Nuclear 
Programs  Office 
Code  WX21/Tech  Library 
Silver  Spring,  MD  20902-5000 

1  Commander 

Naval  Weapons  Center 
ATTN:  Code  533,  Tech  Lib 
China  Lake,  CA  93555-6001 

1  Commander 

Naval  Weapons  Evaluation  Fac 
ATTN:  Document  Control 

Kirtland  AFB,  NM  87117 

1  Commander 

Naval  Research  Laboratory 
ATTN:  Code  2027,  Tech  Lib 
Washington,  DC  20375 


DISTRIBUTION  LIST 


No.  of  No.  of 

Copies  Organization  Copies  Organization 


6  Director 

US  Army  Harry  Diamond  Labs 
ATTN:  Mr.  James  Gaul 

Mr.  L.  Belliveau 
Mr.  J.  Meszaros 
Mr.  J.  Gwaltney 
Mr.  Bill  Vault 
Mr.  R.  J.  Bostak 
2800  Powder  Mill  Road 
Adelphi ,  MD  20783-1197 

4  Director 

US  Army  Harry  Diamond  Labs 
ATTN:  SLCHD-TA-L 

DRXD0-TI/002 

DRXDO-NP 

SLCHD-RBA/J.  Rosado 
2800  Powder  Mill  Road 
Adelphi,  MD  20783-1197 

1  Commander 

US  Army  Missile  Command 
ATTN:  AMSMI-RD 

Redstone  Arsenal,  AL  35898-5245 

1  Director 

US  Army  Missile  and  Space 
Intelligence  Center 
ATTN:  AIAMS-YDL 

Redstone  Arsenal,  AL  35898-5500 

2  Commander 

US  Army  Natick  Research  and 
Development  Center 
ATTN:  AMDNA-D/D r.  D.  Sieling 

STRNC-UE/J .  Calligeros 
Natick,  MA  01762 

1  Commander 

US  Army  Tank-Automotive  Command 
ATTN:  AMSTA-TSL 

Warren,  MI  48397-5000 

1  Commander 

US  Army  Foreign  Science  and 
Technology  Center 
ATTN:  Research  and  Data  Br 

220  7th  Street  ,  NE 
Charlottesville,  VA  22901 


1  Commander 

US  Army  Logistics  Management 
Center 

ATTN:  ATCL-0 , 

Mr.  Robert  Cameron 
Fort  Lee,  VA  23801 

2  •  Commander 

US  Army  Materials  Technology 
Laboratory 
ATTN:  AMXMR-ATL 

Eugene  de  Luca 
Watertown,  MA  02172-0001 

1  ,  Commander 

US  Army  Research  Office 
ATTN:  SLCR0-D 

P.0.  Box  12211 
Research  Triangle  Park 
NC  27709-2211 

4  Commander 

US  Army  Nuclear  &  Chemical 
Agency 

ATTN:  ACTA-NAW 
M0NA-WE 

Technical  Library 
LTC  Finno 

7500  Backlick  Rd,  Bldg.  2073 
Springfield,  VA  22150 

1  Commander 

US  Army  TRADOC 

ATTN:  DCST&E 

Fort  Monroe,  VA  23651 

2  Director 

US  Army  TRADOC  Systems 
Analysis  Activity 
ATTN:  LTC  John  Hesse 

ATOR-TSL 

White  Sands  Missile  Range,  NM 
88002-5502 

2  Commandant 

U.S.  Army  Infantry  School 

ATTN:  ATSH-CD-CS-0R 

Fort  Benning,  GA  31905-5400 


DISTRIBUTION  LIST 


No.  of 

Copies  Organization 

1  Superintendent 

Naval  Postgraduate  School 
ATTN:  Code  2124',  Technical 

Reports  Library 
Monterey,  CA  93940 

1  AFSC/SDOA 

Andrews  Air  Force  Base 
MD  20334 

1  AFWL/SUL 

Kirtland  AFB,  NM  87117 

1  AFATL/DOIL  (Tech  Info  Center) 
Eglin  AFB,  FL  32542-5438 

1  AFESC/RDCS 

ATTN:  Paul  Rosengren 

Tyndall  AFB,  FL  32403 

1  AFATL  (DLYV ) 

Eglin  AFB,  FL  32542-5438 

1  RADC  ( EMTLD/Docu  Library) 
Griffiss  AFB,  NY  13441 

1  AFWL/NTES,  R.  Henny 

Kirtland  AFB,  NM  87117-6008 

1  AFWL/NTED,  J.  W.  Aubrey 

Kirtland  AFB,  NM  87117-6008 

2*  Commander-in-Chief 

Strategic  Air  Command 
ATTN:  NRI-STINFO  Lib 

Offutt  AFB,  NB  68113 

1  AFIT  (Lib  Bldg.  640,  Area  B) 
Wright-Patterson  AFB 
Ohio  45433 

1  FTD/NIIS 

Wright-Patterson  AFB 
Ohio  45433 


No.  of 

Copies  Organization 

1  Director 

Lawrence  Livermore  Lab. 

ATTN:  Tech  Info  Dept  L-3 
P.O.  Box  808 
Livermore,  CA  94550 

2  Director 

Los  Alamos  Scientific  Lab. 
ATTN:  Doc  Control  for  Rpts 

Lib 

P.O.  Box  1663 

Los  Alamos,  NM  87545 

2  Director 

Sandia  National  Laboratories 
ATTN:  Doc  Control  for  3141 

Sandia  Rpt  Collection 
L.  J.  Vortman 
P.O.  Box  5800 

Albuquerque,  NM  87185-5800 

1  Director 

Sandia  Laboratories 
Livermore  Laboratory 
ATTN:  Doc  Control  for 

Technical  Library 
P.O.  Box  969 
Livermore,  CA  94550 

1  Director 

National  Aeronautics  and 
Space  Administration 
Scientific  &  Tech  Info  Fac 
P.O.  Box  8757 
Baltimore /Washington 
International  Airport 
MD  21240 

1  Director 

NASA-Araes  Research  Center 
Applied  Computational 
Aerodynamics  Branch 
MS  202-14,  Dr.  T.  Holtz 
Moffett  Field,  CA  94035 


DISTRIBUTION  LIST 


No.  of  No.  of 

Copies  Organization  Copies  Organization 


3  Aberdeen  Research  Center 
ATTN:  N.H.  Ethridge 

J.  Keefer 
Library 
P.0.  Box  548 

30  Diamond  Street 
Aberdeen,  MD  21001 

1  Aerospace  Corporation 

ATTN:  Tech  Info  Services 

P.0.  Box  92957 

Los  Angeles,  CA  90009 

1  Applied  Physics  Inc 
ATTN:  Paul  H.  Frisch 

31  Highview  Avenue 
Nanuet,  NY  10954 

1  Applied  Research 
Associates,  Inc. 

ATTN:  Robert  L.  Guice 

7114  West  Jefferson  Ave., 
Suite  305 

Lakewood,  Colorado  80235 

1  The  BDM  Corporation 

ATTN:  Richard  Hensley 

P.0.  Box  9274 
Albuquerque  International 
Albuquerque,  NM  87119 

1  Black  &  Veatch 

Engineer s-Ar chi tects 
ATTN:  John  L.  Evans 

P.0.  Box  8405 
Kansas  City,  MO  64114 

1  The  Boeing  Company 

ATTN:  Aerospace  Library 

P.0.  Box  3707 
Seattle,  WA  98124 

1  California  Research 
and  Technology 
ATTN:  F.  Sauer 

Suite  B  130 
11875  Dublin  Blvd 
Dublin,  CA  94568 


1  California  Research  &  Technology, 
Inc . 

ATTN:  M.  Rosenblatt 

20943  Devonshire  Street 
Chatsworth,  CA  91311 

1  Carpenter  Research  Corporation 
ATTN:  H.  Jerry  Carpenter 

Suite  424 

904  Silver  Spur  Road 

Rolling  Hills  Estates,  CA  90274 

3  EG&G  Idaho,  Inc. 

ATTN:  W.  C.  Reed 

W.  H.  Landman,  Jr 
R.  A.'  Berry 
P.0.  Box  1625 
Idaho  Falls,  ID  83415 

1  Goodyear  Aerospace  Corp 
ATTN:  R.  M.  Brown,  Bldg  1 

Shelter  Engineering 
Litchfield  Park,  AZ  85340 

6  '  Kaman  AviDyne 

ATTN:  Dr.  R.  Reutenick 

(4  cys) 

Mr.  S.  Criscione 
Mr.  R.  Milligan 
83  Second  Avenue 
Northwest  Industrial  Park 
Burlington,  MA  01830 

1  Kaman  Sciences  Corporation 
ATTN:  Frederic  W.  Balicki 

1613  University  Blvd.,  N.E. 
Albuquerque,  NM  87102 

3  Kaman  Sciences  Corporation 
ATTN:  Library 

P.  A.  Ellis 
F.  H.  Shelton 

1500  Garden  of  the  Gods  Road 
Colorado  Springs,  CO  80907 


DISTRIBUTION  LIST 


No.  of 

Copies  Organization 

2  TRW  Systems  Group 

ATTN:  Benjamin  Sussholtz 
Stanton  Fink 
One  Space  Park 
Redondo  Beach,  CA  90278 

1  TRW 


1 

Ballistic  Missile  Division 
ATTN:  H.  Korraan,  Mail  Station 


526/614 
P.0.  Box  1310 
San  Bernadino,  CA  92402 

2  Thermal  Science,  Inc 
ATTN:  Rubin  Feldman 

Allen  Throrpe 
2200  Cassens  Drive 
St.  Louis,  M0  63026 

1  Battelle  Memorial  Institute 
ATTN:  Technical  Library 

505  King  Avenue 
Columbus,  OH  43201 

1  California  Inst  of  Tech 

ATTN:  T.  J.  Ahrens 

1201  E.  California  Blvd. 
Pasadena,  CA  91109 

2  Denver  Research  Institute 

University  of  Denver 
ATTN:  Mr.  J.  Wisotski 

Technical  Library 
PO  Box  10127 
Denver,  CO  80210 


No.  of 

Copies  Organization 

2  Southwest  Research  Institute 
ATTN:  Dr.  W.  E.  Baker 
A.  B.  Wenzel 
8500  Culebra  Road 
San  Antonio,  TX  78228 

SRI  International 
ATTN:  Dr.  G.  R. 

Abrahamson 

333  Ravenswood  Avenue 
Menlo  Park,  CA  94025 

1  Stanford  University 

ATTN:  Dr.  D.  Bershader 

Durand  Laboratory 
Stanford,  CA  94305 

Aberdeen  Proving  Ground 

Dir,  USAMSAA 
.  ATTN:  AMXSY-D 

AMXSY-MP,  H.  Cohen 
Cdr ,  USATEC0M 

ATTN:  AMSTE-SI-F 

Cdr,  CRDC,  AMCCOM 

ATTN:  SMCCR-RSP-A 

SMCCR-MU 
SMCCR-SPS-IL 


1  Massachusetts  Institute  of 
Technology 

Aeroelastic  and  Structures 
Research  Laboratory 
ATTN:  Dr.  E.  A.  Witmer 

Cambridge,  MA  02139 

1  Northrop  University 

Mechanical  Engineering  Dept. 
ATTN:  Frederick  B.  Safford 

5800  W.  Arbor  Vitae  St. 

Los  Angeles,  CA  90045 


DISTRIBUTION  LIST 


No.  of  No*  01 

Copies  Organization  Copies  Organization 


3  Kaman-TEMPO 
ATTN:  DASIAC 

Don  Sachs  . 

Kenneth  Gould 
P.O.  Drawer  QQ 
81 6  State  Street 
Santa  Barbara,  CA  93102 

1  Lockheed  Missiles  &  Space  Co. 
ATTN:  J.  J.  Murphy,  Dept. 

81-11,  Bldg.  154 
P.O.  Box  504 
Sunnyvale,  CA  94086 

1  Martin  Marietta  Aerospace 
Orlando  Division 

ATTN:  G.  Fotieo 

P.O.  Box  5837 
Orlando,  FL  32805 

2  McDonnell  Douglas  Astronautics 

Corporation 

ATTN:  Robert  W.  Halprin 

K.A.  Heinly 
5301  Bolsa  Avenue 
Huntington  Beach,  CA  92647 

1  New  Mexico  Engineering 

Research  Institute  (CERF) 
ATTN:  J.  Leigh 

P.O.  Box  25  UNM 
Albuquerque,  NM  87131 

2  Physics  International  Corp 
2700  Merced  Street 

San  Leandro,  CA  94577 

2  R&D  Associates 

ATTN:  Technical  Library 

Allan  Kuhl 
P.O.  Box  9695 
Marina  del  Rey,  CA  90291 

1  R&D  Associates 

ATTN:  G.P.  Ganong 
P.O.  Box  9335 
Albuquerque,  NM  87119 


1  Science  Applications 
International  Corp. 

ATTN:  John  Guest 

4615  Hawkins  N.E. 

Albuquerque,  NM  87109 

2  Science  Applications,  Inc. 

ATTN:  W.  Layson 

John  Cockayne 
P0  BOX  1303 
1710  Goodridge  Drive 
McLean,  VA  22102 

1  Science  Applications,  Inc. 

ATTN:  Technical  Library 

1250  Prospect  Plaza 
•  La  Jolla,  CA  92037 

1  Sparta,  Inc. 

Los  Angeles  Operations 
ATTN:  Irving  B.  Osofsky 

3440  Carson  Street 
Suit  300 

Torrance  CA  90503 

1  Sverdrup  Technology  Inc. 

ATTN:  R.  F.  Starr 

P.O.  Box  884 

2  Systems,  Science  and  Software 

ATTN:  C.  E.  Needham 

Lynn  Kennedy 
P0  Box  8243 

Albuquerque,  NM  87198 

3  Systems,  Science  and  Software 

ATTN:  Technical  Library 

R.  Duff 
K.  Pyatt 
P0  Box  1620 
La  Jolla,  CA  92037 

1  Texas  Engineering  Experiment 
Station 

ATTN:  Dr.  D.  Anderson 

301  Engineering  Research  Center 

College  Station,  TX  77843 


USER  EVALUATION  SHEET/CHANGE  OF  ADDRESS 


This  Laboratory  undertakes  a  continuing  effort  to  improve  the  quality  of  the 
reports  it  publishes.  Your  comments/answers  to  the  items/questions  below  will 
aid  us  in  our  efforts. 

1.  BRL  Report  Number _  Date  of  Report 

2.  Date  Report  Received _ 


3.  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related  project,  or 
other  area  of  interest  for  which  the  report  will  be  used.) 


4.  How  specifically,  is  the  report  being  used?  (Information  source,  design 
data,  procedure,  source  of  ideas,  etc.) _ 


5.  Has  the  information  in  this  report  led  to  any  quantitative  savings  as  far 
as  man-hours  or  dollars  saved,  operating  costs  avoided  or  efficiencies  achieved, 
etc?  If  so,  please  elaborate. _ _ _ _ 


6.  General  Comments.  What  do  you  think  should  be  changed  to  improve  future 
reports?  (Indicate  changes  to  organization,  technical  content,  format,  etc.) 


Name 


CURRENT 

ADDRESS 


Organization 

Address 


City,  State,  Zip 

7.  If  indicating  a  Change  of  Address  or  Address  Correction,  please  provide  the 
New  or  Correct  Address  in  Block  6  above  and  the  Old  or  Incorrect  address  below. 


OLD 

ADDRESS 


Name 


Organization 


Address 


City,  State,  Zip 


(Remove  this  sheet,  fold  as  indicated,  staple  or  tape  closed,  and  mail.) 


-  FOLD  HERE  - 


Director 

US  Army  Ballistic  Research  Laboratory 
ATTN:  DRXBR-OD-ST 

Aberdeen  Proving  Ground,  MD  21005-5066 


OFFICIAL  BUSINESS 

PENALTY  FOR  PRIVATE  USE,  S3O0 


BUSINESS  REPLY  MAIL 

FIRST  CLASS  PERMIT  NO  12062  WASHINGTON, DC 
POSTAGE  WILL  BE  PAID  BY  DEPARTMENT  OF  THE  ARMY 


Director 

US  Army  Ballistic  Research  Laboratory 
ATTN:  DRXBR-OD-ST 

Aberdeen  Proving  Ground,  MD  2100S-9989 


NO  POSTAGE 
NECESSARY 
IF  MAILED 
IN  THE 

UNITED  STATES 


FOLD  HERE 


(J  234000 


# 


/t 


